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PREFACE. 



TiBT every Engineer make hia own Pooket-Book as he proceeds 
in study and practice, it will then suit his particular business. 
The present work was compiled in this way continually during 
ihe Author's professional career. It was originally not intended 
for publication, but had grown so large in manuscript as to be 
inoonyenient for the pocket, which circumstance combined with 
^repeated requests to publish it, placed it before the public, first 
in the year 1854. Since thjB^t typoft^iie has travelled in Europe 
for nearly five years, collecting such information for the Pocket- 
Book as to follow up the progress of Engineering professi(fn, and 
no expense has been spared in attaining that object. 

The Author hopes that the introduction of Algebraical formu- 
las instead of written rules will be favourably received. Writ- 
ten rules adopted by English Authors and Engineers are indeed 
excellent ; — ^but formulas are better, — ^because they not only tell 

' what is to be done, but at a glance, impress the mind with the 
complete operation. If all the formulas in this book were ex- 
plained In words, it woidd be far too large for the pocket. It is 
avoided to impose upon Engineers to carry elementary expla- 
nations in their pockets which belongs' to schoolboys and 

I apprentices. 

It is not necessary to- understand Algebra for the use of the 
formulas, — only practise the insertion of numerical values, and 
perform the arithmetical operations indicated by the particular 

,i formula used. The Author has furnished the formulas ready 
. to receive what is given, and refund what is required. 
\ Should there be any letters in formulas not clearly evplained 
refer then to the examples. 
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MATHEMATICS. U 



INTRODUCTION. 

Q^uaiitlty is that which can be increased or diminished by angments or 
abatemeots of homogeneous parts. Quantities are of two essential kinds, 
Cfeometrical and Physical. 

Ist, Geomeirioal quantities are those ^tycl:^ Qpgip^^ space ; as Unes, surfaces, 
sciidSf UquidSi ffosesy &c. ! •;*••••• •*••** 

2nd, Physical quantities are those wMcfi extft ia. ttffe tjme b^ (jbwtpj no space, 
thej are known by their character And action upon geometricU Quantities ; as 
attraction^ light, heat, dtctricity aild nuzof^tifm, coUfun^^foroe, wooer, &c., &e. 



To obtain the magnitude of a qiuuityt^ w» co^fiittare^t 7|t}wa*p|urt of Uje same, 
this part is imprinted in our mind alk a*u9if^ By whith UiejiOiai^ }s<ia«asured 
and conceived. No quantity can be measured by a quanti^ of another kind, 
but any quantity cian be compared with any other quantity, and by such com- 
parison arises what we call calculation or MathenuOics, 



MATHEMATICS. 

Blatliematici is a science by which the comparatiye value of qnantitlef 

are investigated; it is divided into : 

1st, Aritl&metica— that branch of Mathematics, which treats of the nature 
and property of numbers; it is subdivided into Addition, SubtracUon, MutUpUoor 
Hon, Division, Involution^ Evolution and Logarithms. 

2nd, AlgrCbray — that branch of Blathematics which employs letters to repre- 
sent quantities, and by that means performs solutions without knowing or 
noticing the valu£ of the quantities. The subdivisions of Algebra are the same 
as in Arithmetic. 

3rd, Geometryf— that branch of Mathematics which investigates the rela- 
tive property of quantities that occupies space ; its subdivisions are Longirnetry, 
Pianemetry, Stereometry, Trigonometry, and Conic Sections. 

4th, DiflTerentiala^alcalnay — that branch of Mathematies, which ascer* 
tains the mean effect, produced by group of continued variable causes. 

5th, Integral"caleulua»— the contrary of Differenkl, or that branch of 
Mathematics which investigates the nature of a continued variable cause, that 
has produced a known effect. 



ARITHMETIC. 

^^ 

The art of manoeuvring numhers, and to investigate the relationship of 
quantiUes. 

F^fures—l, 2, 8, 4, 5, 6, 7, 8, 9. Arabic dip^ts, about nine hundred years old. 

(Xphers— Of 0, 0.' Smetimes called noughts, it is the beginning of figures and 
things. 

Number is the expression of one or more figures and dphexi. 

jQt^erisa whole number or unit. 

Frojdbion is a part of a number or unit. 

When figures are joined together in a number, the relative dignity expressed 
ty each figure, depends upon its position to the others. Thus, 



I 



674,885 ; 496,345 ; 695,216 ; 505,310 : 685, 367 -, 




Notation. 



Notation is the setting down of any number 1^ figures and ciphers. 
Numeration is the reading of any number in words, from the expression of 
figures and ciphers. 

Characters which describe the operatum by numbers (significaiums), 
s= Equality, as 6=6, reads 6 is equal to 6. 
+ Pius, Ac(dition, « •- v-, ,<- • 

— jfMj«,:s<ibtractio59;t^-: t/ 1 :- ^ - 

X Mult5)llGan;ion, = » •.-:*•. ^^. - 
-«- or : Division, ^ r ».»^ • • * •• - *•• 
^/^Sqiua-ftpo^V- '-•-* • •*.- •.%' - 
i/^'t?iA& wjt, * •• -••-••'. *. . 
> Greater, ---.-•-- 



8+6a=9 

. 6—2=4 
8X4=12 
15:5=3 

. ^8=2 
8>4 



<Les8, 



6<9 



ROMAN NOTATION. 

The Romans esroressed their numbers by yarious repetitions and combin* 
ations of seven letters in the alphabet; as, 
1=1. 



2=n. 

3=in. 

4=IV. 

6=V. 

6=VL 

7=vn. 

8=VIIL 

9=IX 
10=X. 
20=XX. 
30=XXX. 
40=XL. 
60=L. 
60=LX. 
70=LXX. 
80=LXXX. 
90=XO. 
100=0. 

500»P, or W. 



1,000= 

2,000= 

6,000= 

6,000= 

10,000= 

60,000= 

60,000= 

100,000= 

1,000,000^ 

2,000,000- 



=M, or CD. 

=MM, orHOOO. 
=Vj^orLCK)- 
=VI, or MMM. 
=X, or COO. 
=L, or LOOO' 
=LX,orMMMO. 
=C, or COOO. 
=M^or CDOOO. 
=MM, or MMOOa 



f As often as a character is repeated^ 
\m> many times is its value repeated. 



C A less character before a ereatar 
•{diminishes its value, as iy=I ftom 
^V, or 1 subtracted from 6=4. 



( A less character after a greater In- 
-< creases its value, as XI=X+I, or 
(10+1=11. 



f For every annexed, this becomes 
1 10 times as many. 



A bar, thus, — over any number, increasee 
it 1000 times. 



Examples.— 1854, MDCCCLIV. 
I 624,365, DXXIVCCCLXV. 

An imperfection in the Roman Notation consists In that, there Is no significai* 
tion for the cipher as in the Arabic notation 



ALGEBKA. 

In Al£f cbra we employ certain characten or Utters to represent qnantitlet. 
These characters ore separated bv signs, vrhkh describe iho operations ; and by 
that means, simplify the solution. 

1. Whatever the value of any qtuintity may be, it can be represented by a 
character, as a. Another quantity of tljs MiOe^Ind.'but of (|M(prent value, be- 
ing represented by h» The sum of tl^8« t^«>i]}antiue8 is of4he £9tme kind but 
of different value. ^. " * ' ••-• . 

For Addition we have the. algebsaical sign«4-« (]{lu8) which, when placed 
between quantities, denotes the^ gihikll* be ^a^^ed; ^a« «-f^,;reads in the 
algebraical language, "a plus 6,'^ Or a is io>be. e£lc(ed lo^lS."' • 'S* * C • 

Another algebrakal sign a, (Equal) denotes that quanlitHbidwISidinif enlaced 
on each side ot this sign, are equaU Let the sum of a and & be denoted oy the 
letter c; then we have, 

a+6=c 

This composition is called an cHgtbTadcal equation. The quantity on each side 
of the equal sign is called a member, as a+&, is one member, and c, the other. When 
one of the members contains only one quantity, that member is generally 
placed on the first side of the equal sign, and its value commonly unknown; 
but the value of the quantities in the other member being given, as a>=4, and 
&=6, then the practical mode, to insert numerical values in algebraical equ^ 
tions, will iqspfiar; as. 

Equation, e^^a-^h, 

445=9, the value of & 

2. The sum of three quantities a, 5, and e, is equal to d^then 

aquation, d=a-{-h-\-c, 
, 4+5+9=18, the value of d. 

8. For Su'btraotlon we have the algebraical sign, — , (minus) which, when 
placed before a quantity, denotes it is to be subtracted as, Or-b, reads in the 
algebraical language "a minus &," or from a, subtract b. Let the difference be 
denoted by the letter c; and a=8. 6=8 
JBguaUon, c=a — b, 

8 — 3=5, the value of c. 

4. From the sum of a and b, subtract c, and the result will be d; then, 

EquaKon, d=a+5— c, 

8+3—6=6, the value of d. 

5. When two equal quantities are to be added, as a+o. it is the sune as to 
take one of them twice, and is marked thus 2a. The number 2 is called the 
coefficient of the quantity a. If there are more than two equal quantities to be 
added, the coefficient denotes how many there are of them ; as, 

EquatUm, - - - - a+a=2a, 

" a+a+a=3o, 

•* a-^a^a-\-a,=:=ia, 

dc., (6c. 

When the quantities are separated by the signs, plus, or minus, they are 

called feriTM. 

6. Mtiltlplfeatioii. — When a quantity a, is to be multiplied by another 
quantity 6, then a and b are called factors; and separated by no sign as ab; 
which denotes that a is to be multiplied by 6 ; but when the values of a and 
are expressed bv numbers, they are separated by Uie sign X (Multiplication); the 
result fh>m Multiplication is called the product. Let 0=8, and b^% and the pro- 
duct of a and 6, to be c, then. 

Equation, e=ab, 

8X6«=48, the value of c. 

7. The product of a and &, is to be multiplied by c, and the latter product will 
he equal 10 d; then, 

EquaUom, d'^abc, 

8X«X48«2804, the value of d. 



12. DlTlslon.— When a (^muaitity a, is to be separated into h equal parts^ the 
numbers of parts or b, is called the divisor, and the value of each part, is called 
the quotierU. The sum of the parts or the whole quantity a, is called the dividend ; 
... . , , x%., , «N._i ,^^N _ » , . .. algebraical 

; and 



li Algebra. 

8. The sum of a and Z>, is to be multiplied by c, and the product will be d; 
then, 

Hqmtion, d^e(a-\-h\ 

48 (8+6) = 672 the ralue of d. 

When the ram of two or mor; quap^ti^ is to be multiplied by another quan- 
tity, the Bmh is J)b*be encIiSped im jM^tatheses, and denotes itself to be one fiuctor. 
The other fsi^ U^ to be plq(«d^EC<diii bnteide of the parentheses, as seen in the 
preceding e:t^f)Ie. 

9. To ihe product oi(^ tedjiv nftd bi aaid the nsult will bed; then, 

■'*b ' 8X48+6 « 890 the value of d. 

Be particular to distinguish the two Examples 8, and 9. 

10. The sum of a and &, to be multiplied by the sum of a and e; the product 
will be d; then, 

EgpuxUont d = (a+6) (a + c), 

(8+6) (8+48) « 784. 

11. The sum of c and 6, to be multiplied by the difiierence of e and a; the re* 
■ult will bed; then. 

Equation, d««(c+ b) (c^a), 

(48+6) (48-8) « 2160. 

ity a, is to be separ 

3 dtvtsor, and the v 

or the whole quant 
a ancl &, is separated by the sign : (Diylsion^; as a : &,' reads in the algebrai< 
language, "a divided by b" Let the quohent be denoted by the letter c; a 
o=18, &—6, then, 

HquoHon, e^aib, 

18 : 6 = 3 the quotient c 

In Algebra it is found .more convenient to set up Division as a fraction, then 
It will appear as, 

13. Divide a, by c, and the quotient will be d. Then, 

a 
Equation, 6>«— > 

18 

Y a 6 the quotient b, 

14. The product of a and 6, to be divided by e; and the product will be d. 
Then, 

ab 
Equation, d» — > 

8 ^^' 

15. The sum of d and 6, to be multiplied by e, and the product divided by a; 
then the result will be e. 

EquaHon, e=i^>, 

8 (36+6) 

18 '^^' 

16. From the product of a and c, subtract 85; divide the remainder by the 
difference of a, and c; the result will be h. 



Peofortiom. 



U 



.SgnoMon, h^ 



aa—Sb 



18X8-8X0 
18-« 



-2.4. 



An old mui said to a amart boy, " How old ace you?" to which he replied.— 
MTo seTen times my fothei's age add yours, divide the sum hy double the 
difference of yours and his, and the result will he my age." 

Letters will denote, 
a n the old man's age, 
b B the father's age, 
e » the boy's age. Then, 



Equation, e> 



.^.^^j-:^ the boys si^ 



Now for any number of years of flM old man and the ftthtr, will be a com** 
ponding age of the boy ; suppose, 

a » 73 years the age of the old man, 
b M 67 years the ftcther's age. 
Beqnire the boy's age. 



^ 7X67+73 ,.- 



2(73-*7) 



PBOPORTION. 

Thx rdaUve vaUte of two quantities, is obtained by dividing one into the other, 
and the quotient is called the ratio of their relationship. If the ratio of two 
quantities is equal to the ratio of two other quantities, they are said to be in the 
same proportion ; as, 

a',b = c:df 
vnAs in the algebraical laiHTnage "^ is to 6 as « is to d,**~-a, b, e, and d, are call- 
ed termSf of which a is the first, b the second, c the third, and d the fourth term. 
The first and fourth are called ** the outer terms,^ and the second and third, 
<*the inner temu,** The whole is called an "analogy." 

A property in the nature of analogies is, that the product of the outer terms 
od, is equal to ^le product of the inner be Suppose a>=4, &n9, c«=12, 
d — 27. 

4 : 9=12 : 27 
ad=nbei 4X27=9X12. 

If any one of the fbur quantities are unknown, its value can be calculated 
by the other three ; as, 

^_ 6c 9X12 . 



6- 



<2- 



. 4X27 . 
12 



b 9 ^ 



be 



9X12 



-27. 



id FROPO^OKS. 


To Alternate a Proportion. 
If Qib^citi. 
then a : c = i : (/, 
and ad =« be. 


To Inverse a Proportion. 
If a : * - c : rf, 
then i : a =» rf : c, 
and be = ad. 


To Multiply a Proportion. 

If a:b» c: df 

then nainb=^nc: nd, 

, a b c d 
and —:_« — :-. 

n n n n 


To Reduce a Proportion. 
If a: b = c: d, 
then na:nb=^ mc : md, 

and l:^^l:t 
n n mm 


Compared Proportions. 
If a : d^c : rf, 
and c: d^ eif 
then a: b=' e:f. 


Continued Proportion. 
lfa:b=^c:d = e:f, 
thenq/*« be 
and ad =^bc, cf^ de. 


To Compound Proportions. 

If aid^cid, 
and eif^gih, 
then ae: df^ eg: dh. 


To Compare Proportions. 
If aib^cid, 
and eif^gihy 

^ f g h 


To Combine a Proportion. 

If a:b^c:d, 
then{a+b):b==(c+d):d, 
and £i (a+3) = b (c+d). 


To Combine a Proportion 

Inversely, 
If aib^cid, 
then aib^ (a+c) : (A+rf), 
anda(6+<f)= b {a-\^c). 


To Dissolve a Proportion. 

If a:b:^c:d, 
then (a-i) : b = (c-(/) : d, 
and rf (a-i) = 6 (c-£i). 


To Dissolve a Proportion 

Inversely. 
If a:b = c:d, ^ 
then (1 : A = (a-c) : (&-rf), 
and a (b-dy^ b {or-c). 


If a : i = rf : c, ' 
then fl:6«i.:i. 

c d, 
and T.-T=c:rf. 
and ac » d(2. 


To Find the mean Proportion. 

a: x = x: b 
then x= ^ ab* 

« is the mean Proportion. 

Proportion of any Power or 

Root. 
If aib^cid, 
then a" : i" - c" : rf", 
andy^: ^T- :^ci.^ 


Proportion of Square and Square 
Root, 
If a:b=^cid, 
then yib'^c'id' 

and \/a : v^= ^fo\sf d. 



ftaifi;;riNTK!tE8T. 



SIMPLE INTEIIEST. 

Interest is a profit on money which ia lent for a certain time. 
LeilarivrilldeiwU. 
e « the standing capital, or lent money. 
i. r » interest on the capital o, 
f» p « per cent, on 100 in the certain time. 

AncHogy, c:r»100:|». 

If 1> is the per cent on 100, in one year, then t » time in yean fir the stand- 
ing capital Cy and the interest r. 

Analogy, cir^lWipL 

From this analogy we obtain the equations. 



hUiOrut, 


^^ 100 ' ■ 


• -^ • 


• 1. 


PtrcenLf 


100 r 


. . . 


• % 


OipUal, 


lOOr 


• • • 


' «• 


Timeinyears, 


^ 100 r 


• • • 


- 4 



Now for any question in Simple Interest, there is one equation which i^Tes the 
answer. If the time is given in numths, vwHu, or da^t, multiply the 100 eat- 
rospondingly by 12, 52, 365. 

ExamjAe 1. What is the interest on $3789.35, for 3 yean and fire months, at 
6 p^r cent, per annum 1 

t — 3X12+6 SB 41 months, from the ISquation 1, we hare, 

Exam^t 2. A- capital e » $409.78, gare an interest r » 150.72 dollais, In a 
time t SB 4 years and 7 months. Require the per centage per annum? 
< wm. 4X12+7 « 55 months, from Equation 2, we hare, 

Ar««£- _ 12X100X150.72 y^,^„x 

-Pkrocnfc, j, «_____« 7 per cent 

ExamjfU 3. What capital is required to gire an interest r » 345 Dollars in 
years, at 5 per cent, per annum ? From the Equation 3, we haye, 

JSeampI«4. A capital e » $2366 shaU stand until the interest will be r « 650 
Dollars, at p « 6 per cent, per annum. How long must Uie capital stand \ 
From the Equation 4 we hare, 

I 12X0.876 » 10.512 months, 4X0.512 >:. 2.048 weeks, the time i >- 8 yeaw, 10 
months, and 2 weelcs. 

_ _ 



18 RiBATx om lAooaufn^^FtLumsmF. 

REBATE OR DISCOUNT. 

Beliato or Discount U an alloirance on money, -which is paid before das. 
a =3 amount of mouey to be paid in the time U By agreement the amount if 
paid with a capital e, at the beg^ning of the time t, but discounted a Rebate r. tt 
p per cent, so that the interest on the capital c, at j> per cent., should be equal to 
the Aebate r, in the time t a » c+r. 

JSebate, r * * • • '• • fi. 

^^ 10e+j)« ^ 

Qipitta, ««j^j__^ . . . . ^ 

j^ i-122|rf),. . . . t, 

Amami, a- ^ (100+l>0, - • • », 

.4metin<; a « —rClOO+jiO, • • • 10. 

Now for any question in Rebate cr Discount, there is one equation that will 
give the answer. 

ExampU 5. A sum of money, a a 78460 dollars is to be paid after 3 years and 
6 months, but by agreement payment is to be made at the present time. What 
wiU be the Rebate at 7 per cent. 

FELLOWSHIP. 

Fellomrahlpf or «ar<ner«fttp, is a rule by which companies ascertain each 
fellow's profit or lo88,by their stock. Each fellow's part in the stock is called 
his sMrt. The sum of shares is called the stock. 
Fellowships are of two kinds, SimpU and Double. 

Simple VcilowrslUp, when there is no regard to the time, the shares ot 
stock is employed. 

Ldtert win, denoUy 
A a tkcart of either one fellow. 
a s profit or loss on the share A, 
S s stock or the sum of the shakes. 
• mm gain or loss on the stoek & 
Then A'.a^'SiM. 

Share, ^— —» ^ 

Pr&fUorlMS,' «-i— , ...••!% 
Stoek, 5-^ 18» 

A 

a8 

OainorJoit, ««h^, • • • • • 14 



PlUIIJTAXIOK. 1V 

ExampU 1. A person had invested A = $116(16, in a eto* iSf « $64800, 
TThich gaye a gain of < => 13864. What will be the profit of the person's 
share! 

«. ^. 11645X13864 ^ .«, « 

Double Fellovrsl&ip* When the different shares are employes at a de- 
ferent length of time, each share is multiplied by its time employed, a^d the 
product is the ^tct of the share. 

Letteri vnU, dmoU, 

t = time for the employed share A. 

2*=: meantime for the employed stock & 

e = effect of the share A. 

a = profit of the effect e. 

E=s effect of the stock. 

s =3 gain of the effect E. Then, 



oE 

ESkdcfAy e = — , 

Prqfitofe, a— ^,- 
EffedofS, E = 
Gain of E, * = " 



a 

aE 
T' 



«:a« 


>E:t. 




16, 


Tiau, 


'-S 


16, 


Share, 


-f' 


17, 


MeatMme, 


-IS. 


18, 


Stock, 


^--^ 



1», 

20, 
21, 
22. 



XkeampU 2. A canal is to be dug, and requires an effect E =« 76850 (men and 
days) to be accomplished ; after that it will give a gain s = 12390 Dollars. An 
enqiteyer has A = 168 laborers. How many days mnst those laborers be em- 
ployed at the canal, that the employer will obtain a profit a a> $5000 ? 

sm.. 6000XT6850 „, ^ ^ 



PERMUTATION. 

Pomtntation is to arrange a number of things in every possible position. 
It is commonly used in gamei, 

Exa/mple 1. How many different raiues can be written by the three dphers 
1,2,3. 

1X2X3 » 6 different ralnes, namely, 

123. 132, 213, 231, 312, 821. 
With any three different ciphers can be written six different values. Any 
three things can be placed in 6 different positions. 

Example 2. How many names can be wril^ten by the three syllables mo, to, 
laf The answer is,— Motala, Molata, Tamola, Talamo, Lamota, Latamo. 

Example 3. How many words can be written by the five syHables, mii\ fc>, K, 
eOftionf 

1X2X8X4X6 = 120 words, the answer. 



OoHBOTAnoir.— AiiUOATioir. 



?rf 



The accomjpanyiDe table shows the 
permutfttiou of different numbers of 

2 =s 2 things up to 14 ; which will be con- 

3 =: 6 venient in the next coming examples 

4 s= 24 in combination 
6 = 120 

6 = 720 

7 = 6040 

8 = 40320 

9 = 362880 

10 = 3628800 

11 = 89916800 

12 = 470001600 

13 = 6227020800 

14 = 87178291200. 



COMBINATION. 

Gomblnatioa is to arrange a leas number of things out of a greater, in 
every possible position. It is commonly used in games. 

Example 1. How many ^Ufferent numbers ean be set up by the nine ciphers, 
1, 2, 3, 4, 6, 6, 7, 8, 9, and three ciphers in each number? 

9X8X7 .__ ^ 
•TT-T— zr «= 84 different numbers. 
AX-*X3 

Example 2. How many different vaiiations can a player obtain his cards, when 
the set contains 62 cards, of which he receives 8 at a time ? 

62X51X60X40X48X47X46X46 ^.n.^„rA ^.r?a«n«. 
IX 2X&X 4X6X6X7X8 = 762538150 variations. 

If they are four players, and or. 4 = 24, they can play 24X762638160 
=18,06(^915,600 different plays. 
If it takes half an hour fox each play, and they play 8 hours per day, it will take 

18060915600 

rrrr— • - 1128807225 days = 3;092,622 years. 

3Xo 



ALLIGATION. 

Alligation is to mix together a number of different things of different 
price or value, and ascertain the mean value of the mixture ; or firom a given 
mean value of a mixture ascertain the proportion and value of each ingre' 
dient. 

Let the different things be a, 6, e, and d, Ac, their respective price or value 
per unit, z, y, a;, and to, Ac. 

A = a-f 6-f-c+d Ac, the sum of the things. 

F = mean value or price per unit of A. Then, 

APmszaz-\-by-\-cx-\<ho-\-ac, --•.-!, 



A * 



Example 1. If 3 gallons of wine mi $1.37 per gallon, 2 at $2.18, and 6 at $L16, 
be mixed together, what is a gallon worth of the mixture ? 
A = 3+2+5 = 10 ^Olons. 

P_ 3X1.37+2X2.18+5X3.76 ._. 

^ =» Jq = $1.72 per gallon. 



ALUeATXON.— iNTOLimON. 21 



AUigation of tw6 ingredients a and &, with fheir respectiye prices or ralne per 
unit, s and y, «>P>y. A = a+6. 

a:6«(P-y):(«— P) ... - 8, 

a = — : TTv. and a s: i i^-, - - • - 4.&6k 

JSrampZe 2. A Silver^inith will mix two sorts of silver, one at 64 and one at 
64 cents per ounce. How much must he token of each sort to make the mixture 
worth 60 cents per ounce. (Formula 3.) P— 60. x = 54. y a 64. 
o : 6 = (60—54) : (64—60) = 6 : 4, or, 

4 ounces at 54 cents ; and 6 ounces at 64 cents. 

JUigaiion of three ingredients, a, 6, and c, with their prices or Talue per unit, 
iT, y'and s. 

o': 0^= (P— «):(^P) 6, 

a" : 6 = (P-ry) : (e— P) when z:>F>tC>^ ' - 7, 
6 :c"=(P— «):(y— P)wlien«>y>f>aj, . - 8, 
a = a'+a'', c =» cf-W. 

ExampU 8. A Farmer will mix wheat at 94 cents per bushel, with barley 
at 72 cents, rye at 64 cents per bushel. How much of each sort must be taken 
to make the mixture worth 80 cents per bushel? ^ 

(Formulae.) « = 94, y = 72, a? = 64, and P =s 80. 

a ic'^ (80—64) : (94—80) = 16 : 14, 
o ' : & = (80—72) : (94—80) =* 8 : 14. 
The wheat a «= 16+8 = 24 bushels at 94 cents per busheL 
« barley 6 = 14 « « 72 « « 

"rye c = 14 « « 64 « « 

AJUfjaiion of Ibur ingredients a, 6, c, and d, respective prices or value per unit; 
e, y, X, and w. 

a' : d = (P— w) : (z—P) ) - fll, 

a" : 6 = (P—y) : (z—P) Vwhen «>P>y>r>«;. - -^ 12, 

a'" : c = (P-a:) : (^-P) j ^ ^ ^ ^^3^ 

a = a'+a^'+a% 

a:d' «=(P— M;):(e— P)! fU, 

6 : d" = (P— M») : (y— P) Vwhen «>y>«>P>w. - J 15, 

c : d'" = (P-ty) : («— P) J (16, 
d = d'+d"^+^'". 

In the same manner, formulae can bo set up for any number of ingredients- 



INVOLUTION. 

Involution is to multiply a number into itself a number of times; each 
product is called the potoer of the number, and the dignity of the power is 
marked b^ a small figure called ea^aonerU, on the right of the number ; thus, 
aX« = cfi the square of a. 
aX^X* = a' the cube of a. 
aXaX«Xa = a* the bisquare of a. 
aXaXaXaXa = a* the fifth power of a. 

(fen (fc*» (fc. 

8« = 3X3 = 9. 
2» = 2X2X2 = 8. 
44 =. 4X4X4X4 = 266. 
<£c., cfc., cfe. 

Binome is a ftctor or quanti^ which contains two terms ; as (a+b.) 



iKToiirnoN.— BvoLunow. 



BiiMMniaJ^iTlteorein is the rule nrhidi a Unome fbllows, when it fs raised 
to any power. 

When a binome is to be miilt%ilied by itself ot any other binome, it is set (q> 
and performed like the common multiplication by numbers ; thus. 



^^^^ . Ith} («+»)«'+»). 



aa+2o6+b2 = (a+6)«. 

ExcaiypU 2. Suppose a-\-h » 358746, and a « 8&8000, h « 746| then. 
(a+6)2 = 3687462, 

+a« =128164000000 ^ 

rfSOd = 534136000 
■H^ = ^6516 

128698692516 « (a+l»)». 

.Er. 8. (a4-6)» = a«+3a«6+3a«>«+6». 

-Eb. 4. (a+6)* = a*+4a36+6a«6«+4a5»+54. 

JEb^5. (a— 6)7 = aT— 7a«6+21a66^-35a^63+35a»M^-a«6»+7aM— d7. 

Here you will discover the peculiarities of the Binomicd-Theoremt which is thus 
expressed in words : 

Ist. The ^^ponent of the first term a in the power, is equal to the exponent 
of the binome; and in every successive term, the exponent of a is decreased by 
1, until the last term of the exponent of a is 0, and, therefore, disappears, because 
any quantity raised to no power is equal to 1, thus, oO = 1 and oi = a. 

2d. In the first term of the power, the exponent of 6 is 0, and therefore & will 
first appear in the second term with the exponent 1, and in every successive 
term Che exponent of & is increased by 1, until in the last term the exponent will 
be equal to the exponent of the binome. 

3d. The coefficient of the second term in the power, is equal to the exponent 
of the binome, and the coefficient of i.ny successive term is equal to the product 
of the coefficient and exponent of a in the foregoing term, divided by the num^ 
ber of terms before the sought coefficient. 

4th. "When the second term in the binome is negative, the first term in the 
power will be positive, the second negative, the third positive, the fourth nega- 
tive, Ac, Ac. The odd terras are positive, and the even terms are negative. 

5th. The number of terms in the power is one more than the exponent of the 
binome. 



EYOLUTION. 

Si volution is the reverse of Involution, or to find the number that has pro- 
duced a given power. In this case the given power is called the nuvil)er, and 
the nuniber which has produced the given power is called the root of the nt«i»- 
ber. The symbol V is generally placed over the number of which the root is 
to be extracted. Tne dignity of the root is placed thus ^ of which the figure • 
is called the index of the root; for the square roots the index * is always 
omitted. 
ExampU 1. ^/"5=» 3 because 3* = 9. 

" 2. 4 ^64 = 4 because 4» = 64. 

« 3. ^531441 =-27 " 274 = 531441. 

<fc., ifc.. 

In the accompanying Toble are calculated the Sqiwftey Cubes, Square Roots and 
Oiihe Rods ofany number up to 1600. By means of thi? Table, there will be ♦asy 
rules to find the Square Root and Cube Root of numbers exceeding 1600. 



Tabu of Sqvabss, Cubes, BouiJia ash Oubb Roots. 



Number. 


Squares. 


Cubes. 


^/iloot8. 


-C^ Roots. 




1 


1 


1 


1-0000000 


1-0000000 


•10060000C 


2 


4 


8 


• 1-4142136 


1-2699210 


•500000000 


3 


9 


27 


1-7320608 


1-4422496 


•333333333 


4 


16 


64 


2-0000000 


1-5874011 


•260000000 


5 


25 


125 


2-2360680 


1-7099769 


-200000000 


6 


36 


216 


2-4494897 


1-81-71206 


•166666667 


7 


49 


343 


2-6457513 


1-9129312 


•142857143 


8 


64 


512 


2-8284271 


2-0000000 


•125000000 


9 


81 


729 


3-0000000 


2-0800837 


•111111111 


10 


100 


1000 
lS3l 


3-1622777 


2-1544347 


•100000000 


11 


121 


3-3166248 


2-2239801 


•090909091 


12 


144 


1728 


3-4641016 


2-2894286 


•083333333 


13 


169 


2197 


3-6065513 


2-3513347 


•076923077 


14 


196 


2744 


3-7416574 


2-4101422 


•071428671 


15 


225 


3375 


,3-8729833 


2-4662121 


•066666667 


16 


256 


4096 


4-0000000 


2-5198421 


•062500000 


17 


289 


4913 


4-1231066 


2-5712816 


.068823629 


18 


324 


5832 


4-2426407 


2-6207414 


•0555#666 


19 


361 


6859 


4-3588989 


2-6684016 


•052631679 


20 


400 


8000 


4-4721360 


2-7144177 


•050000000 


21 


441 


9261 


4-5825757 


2-7589243 


•047619048 


22 


484 


10648 


4-6904158 


2-8020393 


•045454545 


23 


529 


12167 


4-7958315 


2-8438670 


•043478261 


24 


576 


13824 


4-8989795 


2-8844991 


-041666667 


25 


625 


15625 


5-0000000 


2-9240177 


•040000000 


26 


676 


17576 


5-0990195 


2-9624960 


-038461538 


27 


729 


19683 


5-1961524 


3-0000000 


•037037037 


28 


784 


. 21952 


6-2916026 


3-0366889 


•036714286 


29 


841 


24389 


5-3851648 


8-0723168 


•034482769 


30 


900 


27000 


5-4772256 


8-1072325 


•033333333 


31 


961 


29791 


5-5677644 


3-1413806 


•032258065 


32 


1024 


32768 


5-6568642 


3-1748021 


•031260000 


33 


1089 


35937 


5-7446626 


3-2075343 


•030303030 


34 


1156 


39304 


5-8309519 


3-2396118 


•029411766 


35 


1225 


42875 


5-9160798 


3-2710663 


•028571429 


36 


1296 


46656 


6-0000000 


3-3019272 


•027777778 


37 


1369 


50653 


6-0827625 


3-3322218 


•027027027 


38 


1444 


54S72 


6-1644140 


3-3619754 


•026315789 


39 


1521 


69319 


6-2449980 


3-3912114 


•026641026 


40 


1600 


64000 


6-3246663 


3-4199619 


•026000000 


41 


1681 


68921 


6-4031242 


3-4482172 


•024390244 


42 


1764 


74088 


6-4807407 


3-4760266 


•023809524 


43 


1849 


79507 


6-6674385 


3-6033981 


•023256814 


44 


1936 


85184 


6-6332496 


3-6303483 


•022727273 


45 


2025 


91125 


6-7082039 


3-6668933 


•022222222 


46 


2116 


.97336 


Q-7823300 


3-5830479 


•021739130 


47 


2209 


103823 


6-8666646 


3-6088261 


-021276600 


48 


2304 


110592 


6-9282032 


3-6342411 


•020833333 


49 


2401 


117649 


7-0000000 


3-6593057 


-020408163 


50 


2500 


125000 


7-0710678 


3-6840314 


•020000000 


51 


2601 


132651 


7-1414284 


3-7084298 


-019607843 


52 


2704 


140608 


7-2111026 


3-7325111 


-019230709 



Table of Squarks, Cubes, S<iua&i akd Cubs Roots. 



amber. 


Siiuares. 


Cubes. 


53 


2809 


148877 


54 


2916 


157464 


55 


3025 


166375 


56 


3136 


175616 


57 


3249 


185193 


58 


3364 


195112 


59 


3481 


205379 


60 


3600 


216000 


61 


3721 


226981 


62 


3844 


238328 


63 


3969 


250047 


64 


4096 


262144 


65 


4225 


274625 


66 


4356 


287496 


67 


4489 


300763 


68 


4624 


314432 


69 


4761 


328509 


If 


4900 


343000 


6041 


357911 


72 


5184 


373248 


73 


5329 


389017 


74 


5476 


405224 


75 


5625 


421875 


76 


5776 


438976 


77 


5929 


456533 


78 


6084 


474552 


79 


6241 


493039 


80 


6400 


612000 


81 


6561 


531441 


82 


6724 


551368 


83 


6889 


671787 


84 


7056 


592704 


85 


7225 


614125 


86 


7396 


636056 


87 


7569 


658503 


88 


7744 


681472 


89 


7921 


704969 


90 


8100 


729000 


91 


8281 


753571 


92 


8464 


778688 


93 


8649 


804357 


94 


8836 


830584 


95 


9025 


857376 


96 


9216 


884736 


97 


9409 


912673 


98 


9604 


941192 


99 


9801 


970299 


100 


10000 


1000000 


101 


10201 


1030301 


102 


10404 


1061208 


103 


10609 


1092727 


104 


10816 


1124864 



V Roots. 
7-2801099 
7-3484692 
7-4161985 
7*4833148 
7-5498344 
7*6157731 
7-6811457 
7-7459667 
7-8102497 
7-8740079 
7-9372639 
8-0000000 
8-0622577 
8-1240384 
8-1853528 
8-2462113 
8-3066239 
8-3666003 
8-4261498 
8-4852814 
8-5440037 
8-6023253 
8-6602540 
8-7177979 
8-7749644 
8-8317609 
8-8881944 
8-9442719 
9-0000000 
9-0553851 
9-1104336 
9-1651514 
9-2196445 
3-2736185 
9-3273791 
9-3808315 
9-4339811 
9-4868330 
9-5393920 
9-5916630 
9-6436508 
9-6963597 
9-7467943 
9-7979590 
9-8488578 
9-8994949 
9-9498744 
10-0000000 
10-0498756 
100995049 
10-1488916 
10-1980390 



y/ Roots. 

3-7562858 
3-7797631 
3-8029525 
3-8258624 
3-8485011 
3-8708766 
3-8929965 
3-9148676 
3-9304972 
3-9578916 
3-9790671 
4-0000000 
4-0207256 
4-0412401 
4-0615480 
4-0816561 
4-1015661 
4-1212853 
4-1408178 
4-1601676 
4-1793390 
4-1983364 
4-2171633 
4-2358236 
4-2643210 
4-2726686 
4-2908404 
4-3088695 
4-3267487 
4-3444815 
4-3620707 
4-3795191 
4-3968296 
4-4140049 
4-4310476 
4-4479692 
4-4647451 
4-4814047 
4-4979414 
4-6143674 
4-5306549 
4-6468369 
4-5629026 
4-6788570 
4-6947009 
4-6104363 
4-6260650 
4-6415888 
4-6670096 
4-6723287 
4-6875482 
4-7025694 



Reciprocals' 

-018867925 
-018518519 
-018181818 
-017857143 
-017543860 
-017241379 
. -016949153 
-016666667 
•016393443 
-016129032 
-015873016 
-015625000 
•016384615 
-015151615 
-014925373 
-014706882 
-014492764 
•014286714 
•014084617 
-013888889 
•015698630 
•013513514 
•01333.3333 
-013157895 
•012987013 
•012820513 
•012658228 
•012500000 
•012346679 
•012195122 
•012048193 
•011904762 
•011764706 
•011627907 
-011494263 
-011363636 
•011235955 
•011111111 
•010989011 
•010869665 
•010752688 
-010638298 
-010526316 
•010416667 
•010309278 
•010204082 
•010101010 
•010000000 
•009900990 
•009803922 
•009708738 
•009615385 



Table of Squabes, Cubes, Sqvass and Cobe Roots 



Number. 


Squares. 


Cubes. 


\/ Hoots. 


v' lioots. 


Reciprocals. 


106 


11025 


1157625 


10-2469608 


4-7176940 


•0095«'810 


106 


11236 


1191016 


10-2956301 


4-7326235 


•009433962 


107 


11449 


1225043 


10-3440804 


4-7474594 


-009345794 


108 


116G4 


1259712 


10-3923048 


4-7622032 


-009259259 


109 


11881 


1295029 


10-4403065 


4-7768562 


•009174312 


110 


12100 


1331000 


10-4880886 


4-7914199 


-009090009 


111 


12321 


1367631 


10-5356538 


4-8058995 


•009009009 


112 


12544 


1404928 


10-5830052 


4-8202845 


•008928571 


113 


12769 


1442897 


10-6301458 


4-8345881 


•008849558 


114 


12996 


1481544 


10-6770783 


4-8488076 


-008771930 


116 


13225 


1520875 


10-7238053 


4-8629442 


-008695652 


116 


13456 


1560896 


10-7703296 


4-8769990 


-008620690 


117 


13689 


1601613 


10-8166538 


4-8909732 


-008547009 


118 


13924 


1043032 


10-8627805 


4-9048681 


•008474576 


119 


14161 


1685159 


10-9087121 


4-9186847 


•008403361 


120 


14400 


1728000 


10-9544612 


4-9324242" 


•008333333 


121 


14641 


1771561 


11-0000000 


4-9460874 


•008264463 


122 


14834 


1815848 


11-0453610 


4-9596757 


•0081Ji^721 


123 


15129 


1860867 


11-0905365 


4-9731898 


•008130081 


124 


15376 


1906624 


11-1355287 


4-9866310 


•008064516 


126 


16625 


1953125 


11-1803399 


6-0000000 
6-0132979 


•008000000 


126 


15876 


2000376 


11-2249722 


•007936508 


127 


16129 


2048383 


11-2694277 


6-0265257 


•007874016 


128 


16384 


2097152 


11-3137086 


6-0396842 


•007812500 


129 


16641 


2146689 


11-3578167 


6-0527743 


•007751938 


130 


16900 


2197000 


11-4017543 


6-0657970 


-007692308 


131 


17161 


2248091 


11-4455231 


5-0787531 


•007633588 


132 


17424 


2299968 


11-4891263 


6-0916434 


•007675758 


133 


17689 


2352637 


11-5325626 


6-1044687 


-007518797 


134 


17956 


2406104 


11-6758369 


5-1172299 


•007462687 


135 


18225 


2460375 


11-6189500 


5-1299278 


-007407407 


136 


18496 


2515456 


11-6619038 


6-1425632 


-007352941 


137 


18769 


2571353 


11-7046999 


6-1551367 


•007299270 


138 


19044 


2628072 


11-7473444 


5-1676493 


•007246377 


139 


19321 


2685619 


11-7898261 


5-1801016 


-007194245 


140 


19600 


2744000 


11-8321596 


5-1924941 


•007142857 


141 


19881 


2803221 


11-8743421 


6-2048279 


•007092199 


142 


20164 


2863288 


11-9163763 


6-2171034 


•007042254 


143 


20449 i 292-i207 


11-9582607 


6-22^3216 


•006993007 


144 


20736 1 2985984 


12-0000000 


6-2414828 


-006944444 


145 


21025 


3048625 


12-0415946 


5-2535879 


•006896552 


146 


21316 


3112136 


12-0830460 


5-2656374 


•006849315 


147 


21609 


3176523 


12-1243557 


6-2776321 


-006802721 


148 


21904 


3241792 


12-1656251 


6-2895726 


•006756757 


149 


22201 


3307949 


12-2065656 


6-3014592 


-006711409 


160 


22500 


3375000 


12-2474487 


6-3132928 


-006666667 


161 


22801 


3442951 


12-2882067 


6-3250740 


•006622517 


162 


23104 


3511008 


12-3288280 


5-3368053 


•006678947 


153 


23409 3581577 


12-3693169 


6-3484812 


-006535948 


154 


23716 3652264 


12-4096736 


6-3601084 


•006493506 


165 


24025 3723875 


12-4498996 


6-3716854 


•006451613 


156 


24336 3790416 


12-4899960 


6-3832126 


•006410266 



Table of Squabxs, Cubes, Sqitabx and Gubb Roots. 





SqTTares. 


Cubes. 






Reciprocals. 


Number. 


V^ Roots. 


^ Roots. 


167 


24649 


3869893 


12-6299641 


6-3946907 


•006369427 


158 


24964 


3944312 


12-6698061 


5-4061202 


•006329114 


169 


26281 


4019679 


12-6095202 


5-4176015 


•006289308 


160 


26600 


4096000 


12-6491106 


6-4288362 


•006260000 


161 


26921 


4173281 


12-6885775 


6-4401218 


•006211180 


162 


26244 


4261628 


12-7279221 


8-4513618 


•006172840 


163 


26669 


4330747 


12-7671453 


6-4625556 


•006134969 


164 


26896 


4410944 


12-8062485 


6-4737037 


•006097661 


166 


27226 


4492126 


12-8462326 


6-4848066 


•006060606 


166 


27566 


4674296 


12-8840987 


6-4968647 


•006024096 


167 


27889 


4657463 


12-9228480 


6-6068784 


•005988024 


168 


28224 


4741632 


12-9614814 


5-6178484 


•005952381 


169 


28661 


4826809 


13-0000000 


6-6287748 


•005917160 


170 


28900 


4913000 


13-0384048 


6-6396583 


•006882363 


171 


29241 


6000211 


13-0766968 


6-6504991 


•005847963 


172 


29684 


50^8448 


13-1148770 


6-5612978 


•005813963 


173 


29929 


6177717 


13-1529464 


6-5720646 


•006780347 


174% 


30276 


5268024 


13-1909060 


6-5827702 


•005747126 


176 


30626 


5359375 


13-2287566 


6-6934447 


•005714286 


176 


30976 


5451776 


13-2664992 


6-6040787 


•005681818 


177 


31329 


5545233 


13-3041347 


6-6146724 


•006649718 


178 


31684 


5639762 


13-3416641 


6-6252263 


•005617978 


179 


32041 


6735339 


13-3790882 


6-6357408 


•005586692 


180 


32400 


5832000 


13-4164079 


6-6462162 


•006566656 


181 


32761 


5929741 


13-4636240 


6-6566628 


•005624862 


182 


33124 


6028568 


13-4907376 


6-6670511 


•005494506 


183 


33489 


6128487 


13-5277493 


6-6774114 


•006464481 


184 


33856 


6229604 


13-5646600 


6-6877340 


•005434783 


186 


34226 


6331626 


13-6014705 


6-6980192 


•005405405 


186 


34596 


6434856 


13-6381817 


6-7082675 


•006376344 


187 


34969 


6639203 


X3-6747943 


6-7184791 


•005347594 


188 


36344 


6644672 


13-7113092 


6-7286643 


•005319149 


189 


36721 


6761269 


13-7477271 


6-7387936 


•005291005 


190 


36100 


6859000 


13-7840488 


6-7488971 


•005263158 


191 


36481 


6967871 


13-8202760 


6-7689662 


•005235602 


192 


36864 


7077888 


13-8564066 


5-7689982 


•005208333 


193 


37249 


7189617 


13-8924400 


6-7789966 


•006181347 


194 


37636 


7301384 


13-9283883 


6-7889604 


•005154639 


195 


38025 


7414876 


13-9642400 


6-7988900 


•006128206 


196 


38416 


7529536 


14-0000000 


6-8087857 


•005102041 


197 


38809 


7645373 


14-0356688 


6-8186479 


•005076142 


198 


39204 


7762392 


14-0712473 


6-8284867 


•006050505 


199 


39601 


7880699 


14-1067360 


6-8382725 


•005025126 


200 


40000 


8000000 


14-1421356 


6-8480355 


-005000000 


201 


40401 


8120601 


14-1774469 


5-8577660 


•004975124 


202 


40804 


8242408 


14-2126704 


6-8674673 


•004950495 


203 


41209 


8365427 


14-2478068 


6-8771307 


•004926108 


204 


41616 


8489664 


14-2828569 


^-8867653 


•004901961 


205 


42025 


8615125 


14-3178211 


5-8963686 


•004878049 


206 


42436 


8741816 


14-3527001 


6-9059406 


•004854369 


207 


42849 


8869743 


14-3874946 


6-9154817 


•004830918 


208 


43264 


8998912 


14-4222051 


6-9249921 


•004807692 



Tabu of Squares, Cubes, Squabji ahs Gubi Boom 





Squares 


Cubes. 




y/ Roots. 




Number. 


%/ Boots. 


Beeiprocab. 


209 


43681 


9129329 


144568323 


6-9344721 


•004784689 


210 


44100 


9261U00 


14-4913767 


6-9439220 


•004761906 


211 


44521 


9393931 


14-5258390 


6-9533418 


•004739336 


212 


44944 


9528128 


14-6602198 


5-9627320 


-0047169SI 


213 


45369 


9663597 


14-6946196 


6-9720926 


•004694836 


214 


45796 


9800344 


14-6287388 


6'9814240 


•004672897 


215 


46226 


9938375 


14-6628783 


6-9907264 


•004651163 


216 


46656 


10077696 


14-6969386 


6-0000000 


•004629630 


217 


47089 


10218313 


U-7309199 


6-0092450 


•004608295 


218 


47524 


10360232 


14-7648231 


6-0184617 


•004587156 


219 


47961 


10503469 


14-7986486 


6-0276502 


•004566210 


220 


48400 


10648000 


14-8323970 


6-0368107 


•004545455 


221 


48841 


10793861 


14-8660687 


6-0459435 


•004524887 


222 


49284 


10941048 


14-8996644 


6-0550489 


•004604505 


223 


49729 


11089567 


14-9331846 


6-0641270 


•004484305 


224 


50176 


11239424 


14-9666^6 


6-0731779 


•004464286 


225 


50625 


11390626 


15-0000000 


6-0824020 


•004444444 


226 


61076 


11643176 


15-0332964 


6-0991994 


•004424779 


227- 


51529 


11697083 


16-0665192 


6-1001702 


•004405286 


228 


61984 


11862362 


16-0996689 


6-1091147 


•004385966 


229 


62441 


12008989 


16-1327460 


6-1180332 


•004366812 


230 


52900 


12167000 


16-1667609 


6-1269257 


•004347826 


231 


63361 


12326391 


16-1986842 


6-1357924 


•004329004 


232 


63824 


12487168 


15-2315462 


6-1446337 


•004310346 


233 


64289 


12649337 


15-2643376 


6-1534495 


•004291846 


234 


64756 


12812904 


15-2970586 


6-1622401 


•004273504 


235 


65225 


12977875 


15-3297097 


6-17l005a 


•004265319 


236 


55696 


13144256 


15-3622916 


6-1797466 


•004237288 


237 


66169 


13312053 


15-3948043 


6-1884628 


•004219409 


238 


66644 


13481272 


15-4272486 


6-1971544 ' 


•004201681 


239 


57121 


13651919 


15-4596248 


6-2058218 


•004184100 


240 


67600 


13824000 


15-4919334 


6-2144660 


•004166667 


241 


68081 


13997621 


15-6241747 


6-2230843 


•004149378 


242 


68564 


14172488 


15-5563492 


6-2316797 


•004132231 


243 


69049 


14348907 


16-6884673 


6-2402615 


•004116226 


244 


69536* 


14626784 


16-6204994 


6-2487998 


•004098361 


245 


60025 


14706126 


16-6624758 


6-2673248 


•004081633 


246 


60516 


14886936 


15-6843871 


6-2658266 


•004065041 


247 


61009 


16069223 


16-7162336 


6-2743054 


•604048583 


248 


61604 


16252992 


16-7480157 


6-2827613 


•004032258 


249 


62001 


15438249 


16-7797338 


6-2911946 


•004016064 


250 


62500 


15625000 


16-8113883 


6-2996053 


•004000000 


251 


63001 


1681325i 


15-8429795 


6-3079936 


•003984064 


252 


63504 


16003008 


16-8746079 


6-3163596 


•003968254 


253 


64009 


16194277 


16-9059787 


6-3247035 


•003952569 


254 


64616 


16387064 


16-9373776 


6-3330266 


•003937008 


256 


65025 


16581375 


16-9687194 


6-3413257 


•003921569 


256 


65636 


16777216 


16-0000000 


6-3496042 


•003906250 


257 


66049 


16974593 


16-0312195 


6-36786U 


•003891051 


258 


66564 


17173512 


16-0623784 


6-3660968 


•003875969 


259 


67081 


17373979 


16-0934769 


6-3743111 


•003861004 


260 
r . - 


67600. 


17676000 


16«1245165 


6-3825043 


•00d8461i4 



AABIX OW aQVAMSa, OlTBES, 8QUARB AJa> CVBS ROOTS, 







1 


/ 


7 ' 


V umber. 


Squarea. / Cubes. 


V Hoots. 


/ ^ nootl 


261 


68121 ! 17779581 


16-1554944 


6-3906765 


262 


68644 i 17084728 


16-1864141 


6-3988279 


263 


69169 18191447 


16-2172747 


6-4069585 


264 


69696 18399744 


16-2480768 


6-4150687 


265 


70225 18609625 


16-2788206 


6-4231583 


266 


70756 18821096 


16-3095064 


6-4312276 


267 


71289 19034163 


16-3401346 


6-4392767 


268 


71824 19248832 


16-3707055 


6-4473057 


269 


72361 ; 19466109 


16-4012195 


6-4553148 


270 


72900 ; 19683000 


16.4316767 


6-4633041 


271 


73441 1 19902511 


16-4620776 


6-4712736 


272 


73984 ; 20123643 


16-4924225 


6-4792236 


273 


74529 20346417 


16-5227116 


6-4871541 


274 


75076 20570824 


16-6529464 


6-4956663 


275 


75625 20796875 


16-5831240 


6-6029672 


276 


76176 21024576 


lQ-6132477 


6-6108300 


277 


76729 21253933 


16-6433170 


6-5186839 


278 


77284 21484952 


16-6783320 


6-6265189 


279 


77841 21717639 


16-7032931 


6-5343361 


2S0 


78400 21952000 


16-7332005 


6-5421326 


281 


78961 I 22188041 


16-7630546 


6-5499116 


282 


79524 


22426768 


16-7928566 


6-6676722 


283 


80089 


22665187 


16-8226038 


6-5654144 


284 


80656 


22906304 


16-8622995 


6-5731385 


286 


81225 


23149126 


16-8819430 


6-6808443 


286 


81796 


23393656 


16-9115346 


6-5885323 


287 


82369 


23639903 


16-9410743 


6-5962023 


288 


82944 


23887872 


16-9705627 


6-6038546 


289 


83521 


24137569 


17-0000000 


6-6114890 


290 


84100 i 24389000 


17-0293864 


6-6191060 


291 


84681 24642171 


17-0687221 


6-6267054 


292 


85264 24897088 


17-0880075 


6-6342874 


293 


85849 , 25153767 


17-1172428 


6-6418522 
6-6493998 


294 


86436 


25412184 


17-1464282 


295 


87025 


25672376 


17-1756640 


6-6569302 


296 


87616 


25934836 


17-2046506 


6-66444a7 


297 


88209 


26198073 


17-2336879 


6-6719403 


298 


88804 


26463592 


17-2626765 


6.6794200 


299 


69401 


26730899 


17-2916166 


6.6868831 


300 


•90000 


27000000 


17-3205081 


6.6943295 


301 


90601 


27270901 


17-3493516 


6.7017693 


302 


91204 


275436081 


17-3781472 


6-7091729 


303 


91809 


27818127 


17-4068962 


,6-71 66700 


304 


92416 


28094464 


17-4355968 


6-7239508 


305 


93025 


28372625 


17-4642492 


6-7313156 


306 


93636 


28652616 


17-4928657 


6-7386641 


307 


94249 


28934443 


17-5214165 


6-7459967 


308 


94864 


29218112 


17-5499288 


6-7533134 


309 


96481 


29503609 


17-5783968 


6-7606143 


310 


96100 


29791000 


17-6068169 


6-7678995 


311 


96721 


30080231 


17-6351921 


6-7751690 


312 


97344 


30371328 


17-6635217 


6-7824220 



Reciprocals, 

'003831418 

'003816794: 

'003802281 

'003787879 

'003773585 

-003759398 

-003745318 

-003731343 

•003717472 

-003703704 

-003690037 

•003676471 

-003663004 

-003649635 

-003636364 

-003623188 

-003610108 

-003597122 

•003564229 

-003571429 

-003658719 

-003546099 

•003533569 

•003521127 

•003508772 

•003496603 

•003484321 

-003472222 

•003460208 

-003448276 

•003436426 

•003424658 

-003412969 

•003401361 

•003389831 

•003378378 

•003367003 

•003355705 

•003344482 

•003333333 

•003322259 

•003311268 

•003301330 

•003289474 

•003278689 

•003267974 

•003257329 

•003246763 

•003236246 

•003225806 

•003216434 

•003206128 



Tabu op Squaus, dnsss, Sqitau ahb Cubr Boots. 



Number. 


Bquares. 


Cubes. 


V Recti. 


V^Koota. 


EeciprocalB. 


ai3 


97969 


30664297 


17-6918060 


6-7896613 


-003194888 


314 


98596 


30959144 


17-7200451 


6-7968844 


•003184713 


316 


99225 


31255875 


17-7482393 


6-8040921 


•003^4603 


316 


99856 


31554496 


17-7763888 


6-8112847 


-003164557 


317 


100489 


31855013 


17-8044938 


6-8184620 


.003164574 


318 


101124 


32157422 


17-8325545 


6-8256242 


•003144654 


319 


101761 


32461759 


17-8605711 


6-8327714 


-003134796 


320 


102400 


32768000 


17-8885438 


6-8399037 


-003125000 


321 


103041 


33076161 


17-9164729 


6-8470213 


•003115265 


322 


103684 


33386248 


17-9443584 


6-8541240 


•003105590 


323 


104329 


33698267 


17-9722008 


6-8612120 


•003095975 


324 


104976 


34012224 


18-0000000 


6-8682855 


•003086420 


325 


105625 


34328125 


18-0277564 


6-8753433 


•003076923 


326 


106276 


34645976 


18-0554701 


6-8823888 


•003067485 


327 


106929 


34965783 


18-0831413 


6-8894188 


•003048104 


328 


107584 


35287552 


18-1107703 


6-8964345 


•003048780 


329 


108241 


35611289 


18-1383571 


6-9034359 


•003039514 


330 


108900 


35937000 


18-1659021 


6-9104232 


-003030303 


331 


109561 


36264691 


18-1934054 


6-9173964 


-003021148 


332 


110224 


36594368 


18-2208672 


6-9243556 


-003.012048 


333 


110889 


369^6037 


18-2482876 


6-9313088 


•003003003 


334 


111556 


37259704 


18-2756689 


6-9382321 


•002994012 


335 


112225 


37595375 


18-3030052 


6-9451496 


•002985075 


336 


112896 


37933056 


18-3303028 


6-9520533 


•002976190 


337 


113569 


38272753 


18-3575598 


6-9589434 


•002967359 


338 


114244 


38614472 


18-3847763 


6-9658198 


•002958580 


339 


114921 


38958219 


18-4119526 


6-9726826 


•002949853 


340 


115600 


39304000 


18-4390889 


6-9795321 


•002941176 


341 


116281 


39651821 


18-4661853 


6-9863681 


•002932551 


342 


116964 


40001688 


18-4932420 


6-9931906 


•002923977 


343 


117649 


40353607 


18-5202592 


7-0000000 


-002915452 


344 


118336 ; 40707584 


18-5472370 


7-0067962 


•002906977 


345 


119025 


41063625 


18-5741756 


7-0135791 


•002898551 


346 


119716 


41421736 


18-6010752 


7-0203490 


•002890173 


347 


120409 


41781923 


18-6279360 


7-0271058 


•002881844 


348 


121104 


42144192 


18-6547581 


7-0338497 


-002873563 


349 


121801 '42508549 


18-6815417 


7-0405860 


-002865330 


350 


122500 42875000 


18-7082869 


7-0472987 


-002857143 


351 


123201 : 43243551 


18-7349940 


7-0540041 


•002849003 


352 


123904! 43614208 


18-7616630 


7*0606967 


•002840909 


353 


124609 


43986977 


18-7882942 


7-0673767 


•002832861 


354 


125316 


44361864 


18-8148877 


7-0740440 


•002824859 


355 


126025 


44738875 


18-8414437 


7-0806988 


•002816901 


356 


126736 


45118016 


18-8679623 


7-0873411 


•002808989 


357 


127449 


45499293 


18-8944436 


7-0939709 


•002801120 


358 


128164 


45882712 


18-9208879 


7-1005886 


•002793290 


359 


128881 


46268279 


18-9472953 


7-1071937 


•002785515 


360 


129600 


46656000 


18-9736660 


7-1137866 


•002777778 


361 


130321 


47045831 


19-0000000 


7-1203674 


•002770083 


362 


131044 


47437928 


19-0262976 


7-1269360 


•002762431 


363 


131769 


47832147 


19-0525589 


r-1334926 


•002754821 


364 


132496 


48228544 


19-0787840 


7-1400370 


•002747253 



3» 



Bo 


Ti9tM or,8auiBai» Gintei, S«ivabi a«p Cobb itoora. 


Nonfber. 


SqiuuTM! 


Cabes. 


V^ Roots. 


^ Boots. 




365 


133225 


48627125 


19-1049732 


7-1466695 


-002739726 


366 


133956 


49027896 


19-1311265 


7-1630901 


•002732240 


367 


134689149430863 


19-1672441 


7-1695988 


-002724796 


368 


135424,49836032 


19-1833261 


7-1660957 


-002717393 


369 


136161 60243409 


19-2093727 


^•1725809 


-002710027 


370 


136906 


50663000 


19-2353841 


. 7-1790644 


•002702703 


371 


137641 


51064811 


19-2613603 


7-1865162 


•002695418 


372 


138384 


61478848 


19-2873015 


7-1919663 


•002688172 


373 


139129 


51895117 


19-3132079 


7.-1984050 


•002680965 


374 


139876 


52318624 


19-3390796 


7-2048322 


•002673797 


376 


140625 


62734S76 


19-3649167 


7-2112479 


•002666667 


376 


141376 


53157376 


19-3907194 


7-2176522 


•002659674 


377 


142129 


53682633 


19-4164878 


7-2240450 


•002652520 


378 


142884 


64010152 


19-4422221 


7-2304268 


•002646603 


379 


143641 


54439939 


19-4679223 


7-2367972 


•002638521 


380 


144400 


64872000 


19-4935887 


7-2431565 


•002631579 


381 


146161 


56306341 


19-6192213 


7-2495045 


•002624672 


382 


145924 


66742968 


19-5448203 


7-2658415 


•002617801 


383 


146689 


66181887 


19-6703868 


7-2621675 


•002610966 


384 


147456 


56623104 


19-6969179 


7-2684824 


•002604167 


385 


148225 


57066625 


19-6214169 


7-2747864 


•002597403 


386 


148996 


67612456 


19-6468827 


7-2810794 


•002690674 


387 


149769 


57960603 


19-6723156 


7-2873617 


•002583979 


388 


150544 


68411072 


19-6977156 


7-2936330 


•002577320 


389 


151321 


68863869 


19-7230829 


7-2998936 


•002570694 


390 


152100 


59319000 


19-7484177 


7-3061436 


•002664103 


391 


152881 


69776471 


19-7737199 


7-3123828 


•002657645 


392 


153664 


60236288 


19-7989899 


7-3186114 


•002551020 


393 


154449 


60698457 


19-8242276 


7-3248295 


•002644529 


394 


155236 


61162984 


19-8494332 


7-3310369 


•002638071 


395 


156026 


61628875 


19-8746069 


7-3372339 


•002631646 


896 


156816 


62099136 


19-8997487 


7-3434205 


•002525253 


397 


157609 


62570773 


19-9248688 


7-3495966 


-002518892 


398 


158404 


63044792 


19-9499373 


7-3567624 


•002512663 


399 


159201 


63621199 


19-9749844 


7-8619178 


•002506266 


400 


160000 


64000000 


20-0000000 


7-3680630 


•002500000 


401 


160801 


64481201 


20-0249844 


7-3741979 


•002493766 


402 


161604 


64964808 


20-0499377 


7-3803227 


•002487562 


403 


162409 


65450827 


20-0748599 


7-3864373 


•002481390 


404 


163216 


65939264 


20-0997612 


7-3925418 


•002475248 


405 


164025 


66430126 


20-1246118 


7-3986363 


•002469136 


406 


164836 


66923416 


20-1494417 


7-4047206 


•002463054 


407 


165649 


67419143 


20-1742410 


7-4107950 


•002467002 


408 


166464 


67917312 


20-1990099 


7-4168596 


•002460980 


409 


167281 


68417929 


20-2237484 


7-4229142 


•002444988 


410 


168100 


68921000 


20-2484567 


7-4289589 


•002439024 


411 


168921 


69426531 


20-2731349 


7-4349938 


•002433090 


412 


169744 


69934528 


20-2977831 


7-4410189 


•002427184 


413 


170669 


70444997 


20-3224014 


7-4470343 


•002421308 


414 


17139« 


70957944 


20-8469809 


7-4630399 


•002415459 


415 


172226 


71478876 


20-3716488 


7-4690359 


•002409639 


416 


173056 


7I99129« 


20-3960781 


7-4660223 


•002406846 i 





TASa* W BQI^BS8« VUBMBf BQITABB 


AKD UOTB HOaw. J 


Nuiiib«r. 


Squares. 


Cubes. 


Vlloots. 


V' Boots. 




417 


173889 


72511713 


20-4205779 


7-4709991 


•00239808 


418 


174724 


73034632 


20-4450483 


7-4769664 


-00239234 


419 


175561 


73560059 


20-4694895 


7-4829242 


•00238663i 


420 


176400 


74088000 


20-4939015 


7-4888724 


•00238095! 


421 


177241 


74618461 


20-5182845 


7-4948113 


-00237529^ 


422 


178084 


75151448 


20-5426386 


7-5007406 


•00236966f 


423 


178929 


75686967 


20-5669638 


7-5066607 


-00236406( 


424 


179776 


76225024 


20-5912603 


7-5125715 


•002358491 


425 


180625 


76765625 


20-6155281 


7-5184730 . 


•00235294] 


426 


181476 


77308776 


20-6397674 


7-5243652 


-00234741^ 


427 


182329 


77854483 


20-6639783 


7-5302482 


•00234192( 


428 


183184 


78402752 


20-6881609 


7-5361221 


•00233644J 


429 


184041 


78953589 


20-7123152 


7-6419867 


•002331005 


430 


184900 


79507000 


20-7364414 


7-5478423 


•00232558] 


431 


185761 


80062991 


20-7605395 


7-6536888 


•00232018( 


432 


186624 


80621568 


20-7846097 


7-5595263 


•00231481f 


433 


187489 


81182737 


20-8086520 


7-5653548 


•002309461 


434 


188356 


81746504 


20-8326667 


7-5711743 


•00230414^ 


435 


189225 


82312875 


20-8566536 


7-5769849 


•002298851 


436 


190096 


82881856 


20-8806130 


7-5827865 


•00229357^ 


437 


190969 


83453453 


20-9045450 


7-5885793 


•002288331 


438 


191844 


84027672 


20-9284495 


7-5943633 


•00228310^ 


439 


192721 


84604519 


20-9523268 


7-6001385 


•00227790^ 


440 


193600 


85184000 


20-9761770 


7-6059049 


•00227272' 


441 


194481 


85766121 


21-0000000 


7-6116626 


•00226757^ 


442 


195364 


86350888 


21-0237960 


7-6174116 


•00226244; 


443 


196249 


86938307 


21-0475652 


7-6231519 


•00225733( 


444 


197136 


87528384 


21-0713075 


7-6288837 


•002252251 


445 


198025 


88121125 


21-0950231 


7-6346067 


•00224719] 


446 


198916 


88716536 


21'1187121 


7-6403213 


•002242151 


447 


199809 


89314623 


21-1423745 


7-6460272 


•00223713( 


448 


200704 


89915392 


21-1660105 


7-6517247 


•00223214: 


449 


201601 


90518849 


21-1896201 


7-6574138 


-002227171 


450 


202500 


91125000 


21-2132034 


7-6630943 


•002222221 


451 


203401 


91733851 


21-2367606 


7-6687665 


-00221729. 


452 


204304 


92345408 


21-2602916 


7-6744303 


•00221238J 


453 


205209 


92959677 


21-2837967 


7-6800857 


•00220750( 


454 


206116 


93576664 


21-3072758 


7-6857328 


-00220264, 


455 


207025 


94196375 


21-3307290 


7-6913717 


-002197801 


456 


207936 


94818816 


21-3541565 


7-6970023 


-00219298. 


457 


208849 


95443993 


21-3775683 


7-7026246 


-00218818^ 


458 


209764 


96071912 


21-4009346 


7-7082388 


-00218340 


459 


210681 


96702579 


21-4242863 


r-7188448 


•002178641 


460 


211600 


97336000 


21-4476106 


7-7194426 


-00217391, 


461 


212521 


97972181 


21-4709106 


7-7250325 


-00216919 


462 


213444 


98611128 


21-4941853 


7-7306141 


•00216450 


463 


214369 


99252847 


21-5174348 


7-7361877 


-00215982 


464 


215296 


99897344 


21-5406592 


7-7417532 


-00215517 


465 


216225 


100544625 


21-5638587 


7-7473109 


•00215053 


466 


217156 


101194696 


21-5870331 


7-7528606 


•00214592 


467 


218089 


101847563 


21-6101828 


7-7584023 


-00214132 


468 


21^024 


102503232 


21-6333077 


7-7639361 


-00213675 



I or flouABn. <^naSf Squhuc aud Oubx Boon. 



— ^ 










Redprocala. 


Number. 


squares. I Cubes. I \^ Roots. 


-$/ Roots. 


469 


219961, 103161709, 21-6564078 


7-7694620 


•002132196 


470 


220900 1103823000 


•21-6794834 


7-7749801 


•002127660 


471 


221841 


104487111 


21-7025344 


7-7804904 


-002123142 


472 


222784 


105154048 


21-7255610 


7-7859928 


•002118644 


473 


223729 


105828817 


21-7485632 


7-7914876 


-002114165 


474 


224676 


106496424 


21-7715411 


7-7969746 


•002109705 


476 


225625 


107171875 


21-7944947 


7-8024538 


•002105263 


476 


226576 


107850176 


21-8174242 


7-8079254 


'002100840 


477 


227529 


108531333 


21-8403297 


7-8133892 


-002096486 


478 


228484 


109215352 


21-8632111 


7-8188456 


•002092050 


479 


229441 


109902239 


21-8860686 


7-8242942 


•002087683 


480 


230400 


110592000 


21-9089023 


7-8297353 


•002083333 


481 


231361 


111284641 


21-9337122 


7-8351688 


•002079002 


482 


232324 


111980168 


21-9544984 


7-8405949 


•002074689 


483 


233289 


112678587 


21-9772610 


7-8460134 


•002070393 


484 


234256 


113379904 


22-0000000 


7-8514244 


-002066116 


485 


235225 


114084125 


22-0227165 


7-8568281 


•002061856 


486 


236196 


114791256 


22-0454077 


7-8622242 


•002057613 


487 


237169 


115501303 


22-0680765 


7-8676130 


•002053388 


488 


238144 


116214272 


22-0907220 


7-8729944 


•002049180 


489 


239121 


116930169 


22-1133444 


7-8783684 


•002044990 


490 


240100 


117649000 


22-1359436 


7-8837352 


•002040816 


491 


241081 


118370771 


22-1585198 


7-8890946 


•002036660 


492 


242064 


119095488 


22-1810730 


7-8944468 


•002032520 


493 


243049 


119823157 


22-2036033 


7-8997917 


•002028398 


494 


244036 


120553784 


22-2261108 


7-9051294 


•002024291 


495 


245025 


121287375 


22-2485955 


7-9104599 


•002020202 


496 


246016 


122023936 


22-2710576 


7-9157832 


•002016129 


497 


247009 1^763473 22-2934968 


7-9210994 


•002012072 


498 


248004 123505992 22-3159136 


7-9264085 


•002008032 


499 


249001 124251499! 22-3383079 


7-9317104 


•002004008 


500 


250000 125000000; 22-3606798 


7-9370053 


-002000000 


501 


251001 1257515011 22-3830293 


7-9422931 


-001996008 


502 


252004 126506008 22-4053565 


7-9475739 


•001992032 


503 


253009 127263527 


22-4276616 


7-9528477 


•001988072 


504 


254016 128024064 


22-4499443 


7-9581144 


•001984127 


505 


255025 , 128787625 


22-4722051 


7-9633743 


•001980198 


506 


256036 129554216 


22-4944438 


7-9686271 


-001976286 


507 


257049 130323843 


22-5166605 


7-9738731 


•001972387 


508 


258064 131096512 


22-5388553 


7-9791122 


•001968504 


509 


259081 , 131872229 


22-5610283 


7-9843444 


•001964637 


510 


260100 132651000 


22-5831796 


7-9895697 


•001960784 


511 


261121 133432831 


22-6053091 


7-9947883 


•00195694? 


612 


262144 134217728; 


22-6274170 


8-0000000 


•001953126 


513 


263169 1350056971 


22-6495033 


8-0052049 


•001949318 


514 


264196 135796744 22-6715681 | 


8-0104032 


•001945525 


515 


265225 136590875 


22-6936114 


8-0155946 


•001941748 


616 


266256 137388096 


22-7156334 


8-0207794 


•001937984 


517 


267289 138188413 


22-7376341 


8-0269574 


•001934236 


618 


268324 138991832 


22-7596134 


8-0311287 


•001930502 


619 


269361 139798359 


22-7815715 


8-0362936 


•001926782 


620 1 


270400 140608000 22-8035086 f 


8*0414616 


•001923«77 



Table of Squares, Cobes, Square and Cube Hoots. 



Number. 


Squarei. 


Cul)«8. 


v/Root«. 


-5^ Roots. I 


leciprocali. 


621 


271411 


141420761 


22-8254244 


8-0466030 


001919386 


622 


272484 


142236648 


22-8473193 


8-0517479 


001915709 


623 


273529 


143055667 


22-8691933 


8-0568862 


001912046 


624 


274576 


143877824 


22-8910463 


8-0620180 


001908397 


626 


275625 


144703125 


22-9128785 


8-0671432 


001904762 


626 


276676 


145631576 


22-9346899 


8-0722620 


001901141 


627 


277729 


146363183 


22-9564806 


8-0773743 


001897533 


628 


278784 


147197962 


22-9782506 


8-0824800 


001893989 


629 


279841 


148035889 


23-0000000 


8-0875794 


001890359 


630 


280900 


148877001 


23-0217289 


8-0926723 


001886792 


631 


281961 


149721291 


23-0434372 


8-0977589 


001883239 


532 


283024 


150568768 


23-0651262 


8-1028390 


001879699 


633 


284089 


151419437 


23-0867928 


8-1079128 


001876173 


634 


285156 


162273304 


23-1084400 


8-1129803 


001872659 


636 


286225 


153130375 


23-1300670 


8-1180414 


001869159 


636 


287296 


153990666 


23-1516738 


8-1230962 


001865672 


637 


288369 


164854153 


23-1732605 


8-1281447 


001862197 


638 


289444 


155720872 


23-1948270 


8-1331870 


001858736 


639 


290621 


156690819 


23-2163735 


8-1382230 


001855288 


640 


291600 


157464000 


23-2379001 


8-1432529 


001851852 


541 


292681 


J 68340421 


23-2594067 


8-1482765 


001848429 


642 


293764 


159220088 


23-2808935 


8-1632939 


001845018 


643 


294849 


160103007 


23-3023604 


8-1583051 


001841621- 


644 


296936 


160989184 


23-3238076 


81633102 


001838235 


646 


297025 


161878626 


23-3452361 


8-1683092 


001834862 


646 


298116 


162771336 


23-3666429 


8-1733030 


001831502 


547 


299209 


163667323 


23-3880311 


8-1782888 


001828154 


548 


300304 


164566592 


23-4093998 


8-1832695 


001824818 


549 


301401 


166469149 


23-4307490 


8-1882441 


001821494 


550 


302600 


166375000 


23-4520788 


8-1932127 


001818182 


551 


303601 


167284151 


23-4733892 


8-1981753 


001814882 


652 


304704 


168196608 


23-4946802 


8-2031319 


001811594 


553 


306809 


169112377 


23-5159520 


8-2080825 


001808318 


554 


306916 


170031464 


23-5372046 


8-2130271 


001805054 


555 


308025 


170953876 


23-5584380 


8-2179657 


001801802 


556 


309136 


171879616 


23-5796522 


8-2228985 


001798561 


657 


310249 


172808693 


23-6008474 


8-2278254 


001795332 


558 


311364 


173741112 


23-6220236 


8-2327463 


001792115 


659 


312481 


174676879 


23-6431808 


8-2376614 


001788909 


560 


313600 


175616000 


23-6643191 


8-2425706 


001785714 


561 


314721 


176558481 


23-6854386 


8-2474740 


001782531 


562 


315844 


177604328 


23-7065392 


8-2523715 


001779359 


563 


316969 


178463547 


23-7276210 


8-2572635 


001776199 


564 


318096 


179406144 


23-7486842 


8-2621492 


001773050 


665 


319225 


180362125 


23-7697286 


8-2670294 


001769912 


566 


320366 


181321496 


23-7907545 


8-2719039 


001766784 


567 


321489 


182284263 


23-8117618 


8-2767726 


001763668 


568 


322624 


183250432 


23-8327506 


8-2816255 


001760563 


569 


323761 


184220009 


23-8537209 


8-2864928 


001757469 


670 


324900 


185193000 


23-8746728 


8-2913444 


001754386 


671 


326041 186169411 


23-8956063 


8-2961903 


001751313 


672 


327184 18714^248 


23-9165215 


8-3010304 


-001748262 



XABLB or DQUAKE8, t/XBSB, CQUAKK AlfD KiVtSB luwnv. 





SquareB. 


Cfubei. 








dttber. 


V^Rooti. 


y/nootB. 


Ke«iprocals. 


673 


328329 


188132517 


23-9374184 


8-3068651 


•001746201 


674 


329476 


189119224 


23-9582971 


8-3] 06941 


•001742160 


676 


330625 


190109375 


23-9791576 


8-3155175 


-001739130 


676 


331776 


191102976 


24-0000000 


8-3203353 


•001736111 


677 


332927 


192100033 


24-0208243 


8-3251475 


•001733102 


678 


334084 


193100552 


24-0416306 


8-3299542 


•001730104 


679 


335241 


194104539 


24-0624188 


8-3347663 


•001727116 


580 


336400 


195112000 


24-0831891 


8-3395509 


-001724138 


681 


337561 


196122941 


24-1039416 


8-3443410 


•001721170 


682 


338724 


197137368 


24-1246762 


8-3491256 


•001718213 


683 


339889 


198155287 


24-1453929 


8-3539047 


•001715266 


684 


341056 


199176704 


24-1660919 


8-3586784 


•001712329 


686 


342225 


200201625 


24-1867732 


8-3634466 


-001709402 


686 


343396 


201230056 


24-2074369 


8-3682096 


•001706485 


687 


344569 


202262003 


24-2280829 


8-3729668 


•001703678 


688 


345744 


203297472 


24-2487113 


8-3777188 


•001700680 


689 


346921 


204336469 


24-2693222 


8-3824653 


•001697793 


590 


348100 


205379000 


24-2899156 


8-3872065 


-001694916 


691 


349281 


206425071 


24-3104996 


8-3919428 


-001692047 


692 


350464 


207474688 


24-3310501 


8-3966729 


•001689189 


593 


351649 


208527857 


24-3515913 


8-4013981 


•001686341 


594 


352836 


209584584 


24-3721152 


8-4061180 


•001683602 


595 


354025 


210644875 


24-3926218 


8-4108326 


•001680672 


596 


355216 


211708736 


24-4131112 


8-4155419 


•001677852 


597 


356409 


212776173 


24-4335834 


8-4202460 


-001675042 


598 


357604 


213847192 


24-4540385 


8-4249448 


•001672241 


599 


358801 


214921799 


24-4744765 


8-4296383 


•001669449 


600 


360000 


216000000 


24-4948974 


8-4343267 


•001666667 


601 


361201 


217081801 


24-5153013 


8-4390098 


•001663894 


602 


362404 


218167208 


24-5356883 


8-4436877 


•001661130 


603 


363609 


219256227 


24-5560583 


8-4483606 


-001658376 


604 


364816 


220348864 


24-5764115 


8-4530281 


•001655629 


605 


366025 


221445125 


24-5967478 


8-4576906 


•001652893 


606 


367236 


222545016 


24-6170673 


8-4623479 


•001650165 


607 


368449 


223648543 


24-6373700 


8-4670001 


•001647446 


608 


369664 


224755712 


24-6576560 


8-4716471 


•001644737 


609 


370881 


225866529 


24-6779254 


8-4762892 


^001642036 


610 


372100 


226981000 


24-6981781 


8-4809261 


•001639344 


611 


373321 


228099131 


24-7184142 


8-4855579 


•001636661 


612 


374544 


229220928 


24-7386338 


8-4901848 


•001633987 


613 


375769 


230346397 


24-7688368 


8-4948065 


•001631321 


614 


376996 


231475544 


24-7790234 


8-4994233 


•001628664 


615 


378225 


232608375 


24-7991936 


8-5040350 


•001626016 


616 


379456 


233744896 


24-8193473 


8-5086417 


•001623377 


617 


380689 


234885113 


24-8394847 


8-5132436 


•001620746 


618 


381924 


236029032 


24-8596058 


8-5178403 


•001618123 


619 


383161 


237176659 


24-8797106 


8-5224381 


•001616509 


620 


384400 


238328000 


24-8997992 


8-5270189 


•001612903 


621 


385641 


239483061 


24-9198716 


8-5316009 


•001610306 


622 


386884 


240641848 


24-9399278 


8-5361780 


•001607717 


623 


388129,241804367 


24-9599679 


8-5407501, 


•001606136 


624 


389376 242970624 


14-9799920 


8-5463173 


0016U2564 





Ta«u of SanABSi, OuBis, Squau abd Cuss Eoots. ] 




Squaref. Cubes. 








Number. 


s/Koots. • 


^Jioota. 


Reciprocalg, 


625 


390625 244140625 


25-0000000 


8-5498797 


•00160000 


626 


391876,245134376 


25-0199920 


8-5544372 


•00159744 


627 


393129 246491883 


25-0399681 


8-5589899 


•00159489 


628 


394384 247673J52 


25-0599282 


$-5635377 


•00159235 


629 


395641 248858189 


25-0798724 


8-5680807 


•00158982 


630 


396900 250047000 


25-0998008 


8-5726189 


•00158730 


631 


398161 251239591 


25-1197134 


8-5771523 


•00158478 


632 


399424 252435968 


25-1396102 


8-5816809 


•00158227 


633 


400689 253636137 


25-1594913 


8-5862247 


•00157977 


634 


401956 254840104 


25-1793566 


8-5907238 


•00157728 


635 


4032251256047875 


25-1992063 


8-5952380 


•00157480 


636 


404496 


257259456 


25-2190414 


8-5997476 


•00157232 


637 


405769 


258474853 


25-2388589 


8-6042525 


•00156985 


638 


407044 


259694072 


25-2586619 


8-6087526 


•00156739 


639 


408321 


260917119 


25-2784493 


8-6132480 


•00156494 


640 


409600 


262144000 


25-2982213 


8-6177388 


•00156250 


641 


410881 


263374721 


25-3179778 


8-6222248 


•0015600f 


642 


412164 


264609288 


25-3377189 


8-6267063 


•00155763 


643 


413449 


265847707 


25-3574447 


8-6311830 


•00155521 


644 


4147361267089984 


25-3771551 


8-6356551 


•00155279 


645 


416125 268336125 


25-3968502 


8-6401226 


•00155038 


646 


417316 1 269585136 


25-4165302 


8-6445855 


•00154798 


647 


4186091270840023 


25-4361947 


8-6490437 


•00154559 


648 


419904 


272097792 


25-4558441 


8-6534974 


•00154321 


649 


421201 


273359449 


25-4754784 


8-6579465 


•00154083 


650 


422500 


274625000 


25-4950976 


8-6623911 


•00153846 


651 


423801 


275894451 


25-5147013 


8-6668310 


•0015360S 


652 


425104 


277167808 


25-5342907 


8-6712665 


-00153374 


653 


4264091278445077 


25-5538647 


8-6756974 


•0015313S 


654 


427716:279726264 


25-5734237 


8-6801237 


-00152905 


655 


4290251281011375 


25-5929678 


8-6845456 


•00152671 


656 


430336 282300416 


25-6124969 


8-6889630 


•00152439 


657 


431639 283593393 


25-6320112 


8-6933759 


•00152207 


658 


432964' 284890312 


25-6515107 


8-6977843 


•00151975 


659 


434281 286191179 


25-6709953 


8-7021882 


•00151745 


C60 


435600 287496000 


25-6904652 


8-7005877 


-00151515 


661 


436921 288804781 


25.7099203 


8-7109827 


•00151285 


662 


438244 290117528 


25-7293607 


8-7153734 


•00151057 


663 


439569 291434247 


25-7487864 


8-7197596 


•00150829 


664 


440896 292754944 


25-7681975 


8-7241414 


•00150602 


665 


442225 294079625 


25-7875939 


8-7285187 


•00150375 


666 


443556 295408296 


25'8069758 


8-7328918 


•0015015C 


667 


444899 296740963 


25-8263431 


8-7372604 


•00149925 


668 


446224 298077632 


25-8456960 


8-7416246 


•00149700 


669 


447561 299418309 


25-8650343 


8-7459846 


•00149470 


670 


448900 300763000 


25-8843582 


8-7503401 


•00149253 


671 


450241 ; 302111711 


25-9036677 


8-7546913 


•00149031 


672 


451584 


303464448 


25-9229628 


8-7590383 


•00148809 


673 


452929 


304821217 


25-9422435 


8-7633809 


•00148588 


674 


454276 


306182024 


25-9615100 


8-7677192 


•00148368 


676 


455C25 


307546875 


25-0807621 


8-7720532 


•00148148 


676 


456970 


308915776 


26-0000000 


8-''763830 


•00147929 



8^ 



)6 


Table op Sqitasbs, Cdbks, Sqvasb 


umOvm R0OIB. 


Number. 


Squares. 


Cubes. 


a/ Roots. 


-V^Rooto. 


Rcciproeols. 


677 


458329 


310288733 


26-0192237 


8-7807084 


•001477105 


678 


459684 


311665752 


26-0384331 


8-7850296 


•001474926 


679 


461041 


313046839 


26-0576284 


8-7893466 


•001472754 


680 


462400 


314432000 


26-0768096 


8-7936593 


•001470588 


681 


463761 


315821241 


26-0959767 


8-7979679 


•001468429 


682 


465124 


317214568 


26-1151297 


8-8022721 


•001466276 


683 


466489 


318611987 


26-1342687 


8-8065722 


•001464129 


684 


467856 


320013504 


26-1533937 


8-8108681 


•001461988 


685 


469225 


321419125 


26-1725047 


8-8151598 


•001459854 


686 


470596 


322828856 


26-1916017 


8-8194474 


•00145772« 


687 


471969 


324242703 


26-2106848 


8-8237307 


•001455604 


688 


473344 


325660672 


26-2297541 


8-8280099 


-001453488 


689 


474721 


327082769 


26-2488095 


8-8322850 


-001451379 


690 


476100 


328509000 


26-2678511 


8-8365559 


•001449275 


691 


477481 


329939371 


26-2868789 


8-8408227 


•001447178 


692 


478864 


331373888 


26-3058929 


8-8450854 


•001445087 


693 


480249 


332812557 


26-3248932 


8-8493440 


•001443001 


694 


481636 


334255384 


26-3438797 


8-8535986 


•001440922 


695 


483025 


335702375 


26-3628527 


8-8578489 


•001438849 


696 


484416 


337153536 


26-3818119 


8-8620952 


•001436782 


697 


485809 


338608873 


26-4007576 


8-8663375 


•001434720 


698 


487204 


340068392 


26-4196896 


8-8705757 


•001432665 


699 


4S8601 


341532099 


26-4386081 


8-8748099 


•001430615 


700 


490000 


343000000 


26-4575131 


8-8790400 


•001428571 


701 


491401 


344472101 


26-4764046 


8-8832661 


•001426534 


702 


492804 


345948408 


26-4952826 


8-8874882 


•001424501 


703 


494209 


347428927 


26-5141472 


8-8917063 


•001422475 


704 


495616 


348913664 


26-5329983 


8-8959204 


-001420455 


705 


497025 


350402625 


26-5518361 


8-9001304 


•001418440 


706 


498436 


351895816 


26-5706605 


8-9043366 


-001416431 


707 


499849 


353393243 


26-5894716 


8-9085387 


•001414427 


708 


501264 


354894912 


26-6082694 


8-9127369 


•001412429 


709 


502681 


356400829 


26-6270539 


8-9169311 


-001410437 


710 


504100 


357911000 


26-6458252 


8-9211214 


•001408451 


711 


505521 


359425431 


26-6645833 


8-9253078 


-001406470 


712 


506944 


360944128 


26-6833281 


8-0294902 


-001404494 


ns 


508369 


362467097 


26-7020598 


8-9336687 


•001402525 


714 


509796 


363994344 


26-7207784 


8-9378433 


•0^1400560 


715 


511225 


365525875 


26-7394839 


8-9420140 


-001398601 


71C 


512656 


3670G1696 


26-7581763 


8-9461809 


•001396648 


717 


514089 


36S601813 


26-7768557 


8-9503438 


•001394700 


718 


515524 


370146232 


26-7955220 


8-9545029 


•001392758 


719 


516961 


371694959 


26-8141754 


8-9586581 


•001390821 


720 


518400 


373248000 


26-8328157 


8-9628095 


•001388889 


721 


519841 


3748.05361 


26-8514432 


'8-9669570 


•001386963 


722 


521284 


376307-048 


26-8700577 


8-9711007 


•0013S5042 


723 


522729 


377933067 


26-8886593 


8-9752406 


•001383126 


724 


524176 


379503424 


26-9072481 


8-9793766 


-001.3812! 5 


725 


525625 


.S81078125 


26-9258240 


8-9835089 


•001379310 


726 


527076 


382657176 


26-9443872 


8-9876373 


-001377410 


727 


528529 


384240583 


26-9629375 


8-9917620 


-001375516 


728 


529984 


386828352 


26-9814761 


8-9958899 


•00137^626 




^-5— ^_ 













Table of Squabxs, Cubes, Squabb 


AND Cube Room. & 


Number. 


Squares. 


Cubes. 








V Roots. 


V^ Roots. 


Reciprocals. 


729 


531441 


387420489 


27-0000000 


9-0000000 


00137174 


730 


532900 


389017000 


27-0185122 


9-0041134 


•00136986 


731 


534361 


390617891 


27-0370117 


9-0082229 


•00136798 


732 


535824 


392223168 


27-0554985 


9-0123288 


•00136612 


733 


537289 


393832837 


27-0739727 


9-0164309 


•00136425 


734 


538756 


395446904 


27-0924344 


9-0205293 


•00136239 


736 


540225 


397065375 


27-1108834 


9-0246239 


-00136054 


736 


541696 


398688256 


27-1293199 


9-0287149 


•00135869 


737 


543169 


400315553 


27-1477149 


9-0328021 


•00135685 


738 


544644 


401947272 


27-1661554 


9-0368857 


•00135501 


739 


546121 


403583419 


27-1845544 


9-0409655 


•00135318 


740 


547600 


405224000 


27-2029140 


9-0450419 


•00135135 


741 


549801 


406869021 


27-2213152 


9-0491142 


•00134952 


742 


550564 


408518488 


27-2396769 


Q-0531831 


•00134770 


743 


552049 


410172407 


27-2580263 


9-d572482 


•00134589 


744 


553536 


411830784 


27-2763634 


90613098 


•00134408 


745 


555025 


413493625 


27-2946881 


9-0653677 


•00134228 


746 


556516 


415160936 


27-3130006 


9-0694220 


•00134048 


747 


558009 


416832723 


27-3313007 


9-0734726 


•00133868 


748 


559504 


418508992 


27-3495887 


9-0775197 


•00133689 


749 


561001 


420189749 


27-3678644 


9-0815631 


•00133511 


750 


562500 


421875000 


27-3861279 


9-0856030 


•00133333 


751 


564001 


423564751 


27-4043792 


9-0896352 


•00133155 


'752 


565504 


425259008 


27-4226184 


9-0936719 


•00132978 


753 


567009 


426957777 


27-4408455 


9-0977010 


•00132802 


754 


568516 


428661064 


27-4590604 


9-1017265 


•00132626 


755 


570025 


430368875 


27-4772633 


9-1057485 


•00132450 


756 


571536 


432081216 


27-4954542 


9-1097669 


•00132275 


757 


573049 


433798093 


27-5136330 


9-1137818 


•00132100 


758 


574564 


435519512 


^7-5317998 


9-1177931 


•00131926 


759 


576081 


437245479 


27-5499546 


9-1218010 


-00131752 


760 


577600 


438976000 


27-5680975 


9-1258053 


•00131578 


-761 


579121 


440711081 


27-5862284 


9-1298061 


•00131406 


762 


580644 


442450728 


27-6043475 


9-1338034 


•00131233 


763 


582169 


444194947 


27-6224546 


9-1377971 


•00131061 


764 


583696 


445943744 


27-6405499 


9-1417874 


•00130890 


765 


585225 


447697125 


27-6586334 


9-1457742 


•00130719 


766 , 


586756 


449455096 


27-6767050 


9-1497576 


•00130548 


767 


588289 


451217663 


27-6947648 


9-1537375 


- ^00130378 


768 


589824 


452984832 


27-7128129 


9-1577139 


•00130208 


769 


591361 


454756609 


27-7308492 


9-1616869 


•00130039 


770 


592900 


456533000 


27-7488739 


9-1656565 


•00129870 


771 


594441 


458314011 


27-7668868 


9-1696225 


-00129701 


772 


595984 


460099648 


27-7848880 


9-1735852 


•00129533 


773 


597529 


461889917 


27-8028775 


9-1775445 


•00129366 


774 


599076 


463684824 


27-8208555 


9-1815003 


•00129199 


775 


600625 


465484375 


27-8388218 


9-1854527 


•00129032 


776 


602176 


467288576 


27-8567766 


9-1894018 


•00128866 


777 


603729 469097433 


27-8747197 


•-1933474 


•00128700 


778 


605284 


470910952 


27-8926514 


9-1972897 


•00128534 


779 


606841 


472729139 


27-9105715 


9-2012286 


•00128369 


780 


608400 


474552000 


27-9284801 


9-2051641 


•00128205 



^ 


Table op Squaebs, Cubm, Squailb 


Am> Cube Roots. 


Number. 


Squares*. Cubei. 






V Roots. 


^Koote. 


Reciprocals. 


781 


609961 476379641 


27-9463772 


9-2090962 


•00128041 


782 


611524 478211768 


27-9642629 


9-2130250 


•00127877 


783 


613089 480048687 


27-9821372 


9-2169605 


•00127713 


784 


614656 481890304, 


28-0000000 


9-2208726 


•00127651 


786 


616225 i 483736625 


28-0178516 


9-2247914 


•00127388 


786 


617796 1 485687666 


28-0366915 


9-2287068 


•00127226 


787 


619369 


487443403 


28-0535203 


9-2326189 


•00127064 


788 


620944 


489303872 


28-0713377 


9-2366277 


•00126903 


789 


622521 


491169069 


28-0891438 


9-2404333 


•00126742 


790 


624100 


493039000 


28-1069386 


9-2443355 


•00126582 


791 


626681 


494913671 


28-1247222 


9-2482344 


•00126422 


792 


627624 496793088 


28-1424946 


9-2521300 


-00126262 


793 


628849 498677257 


28-1602557 


9-2560224 


•00126103' 


794 


630436 500566184 


28-1780056 


9-2599114 


-00126944 


795 


632026 602459875 


28-1957444 


9-2637973 


•00126786 


796 


633616 604358336 


28-2134720 


9-2676798 


•00125628 


797 


636209 606261573 


,28-2311884 
•28-2488938 


9-2716692 


•00125470 


798 


636804 608169592 


9-2754352 


•00125313 


799 


638401! 610082399 


28-2666881 


9-2793081 


•00125136- 


800 


640000 612000000 


28-2842712 


9-2831777 


•00125000 


801 


641601 613922401 


28-3019434 


9-2870444 


•001248431 


802 


643204 616849608 


28-3196046 


9-2909072 


•00124688, 


803 


644809! 617781627 


28-3372546 


9-2947671 


-001245331 


804 


646416 619718464 


28-3548938 


9-2986239 


•00124378 


805 


648025! 521660125 


28-3725219 


9-3024775 


-00124223( 


806 


649636! 523606616 


28-3901391 


9-3063278 


•00124069, 


807 


651249, 525557943 


28-4077464 


9-3101750 


•00123915' 


808 


652864 527514112 


28-4253408 


9-3140190 


•00123762^ 


809 


654481 529475129 


28-4429253 


9-3178599 


•00123609^ 


810 


656100 631441000 


28-4604989 


9-3216975 


•00123456J 


811 


667721 1 633411731 


28-4780617 


9-3256320 


•00123304( 


812 


659344; 635387328 


28-4956137 


9-3293634 


•00123152' 


813 


660969 637367797 


28-6131549 


9-3331916 


•001230011 


814 


662696* 539353144 


28-6306852 


9-3370167 


•00122850 


815 


664225 541343375 


28-6482048 


9-3408386 


•00122699- 


816 


666856 643338496 


28-5657137 


9-3446676 


•001225491 


817 


667489, 645338613 


28-6832119 


9-3484731 


•00122399( 


818 


669124' 647343432 


28-6006993 


9-3522867 


•00122249^ 


819 


670761! 649353269 


28-6181760 


9-3560952 


•00122100] 


820 


672400 661368000 


28-6366421 


9-3699016 


•00121951J 


821 


674041 663387661 


28-6530976 


9-3637049 


•00121802^ 


822 


676684 655412248 


28-6705424 


9-3675061 


•001216541 


823 


«77329 


557441767 


28-6879716 


9-3713022 


•00121506^ 


824 


678976 


659476224 


28-7054002 


9-3760963 


•00121359J 


825 


680625 


661615626 


28-7228132 


^ 9-3788873 


•00121212] 


826 


682276 


663569976 


28-7402157 


9-3826752 


•00121065^ 


827 


683929 


665609283 


28-7676077 


9-3864600 


•00120919( 


828 


685584 


567663552 


28-7749891 


9-3902419 


•001207721 


829 


687241 


669722789 


28-7923601 


9-3940206 


•00120627J 


830 


688900 


671787000 


28-8097206 


9-3977964 


•0012048U 


831 


690661 


673856191 


28-8270706 


9-4015691 


•001203361 


832 


692224 


676930368 


28-8444102 


9-4063387 


•00120192: 



Tabu ov Squabbs, Gubxs, Squabb and Cubi Roots. 



89 





SqnarM. 


Cubes. 


x/ Roots. 






Number. 


-f Roots. 


Reciprocals. 


833 


693889 


678009637 


28-8617394 


.9-4091054 


-001200480 


834 


695656 


580093704 


28-8790582 


9-4128690 


•001199041 


836 


697226 


682182875 


28-8963666 


9-4166297 


•001197606 


836 


698896 


684277066 


28-9136646 


9-4203873 


•001196172 


837 


700669 


686376253 


28-9309523 


9-4241420 


•001194743 


838 


702244 


688480472 


28-9482297 


9-4278936 


•001193317 


83a, 


703921 


690589719 


28-9654967 


9-4316423 


•001191895 


840 


705600 


692704000 


28-9827536 


9-4353800 


•001190476 


841 


707281 


694823321 


29-0000000 


9-4391307 


•001189061 


842, 


708964 


696947688 


29-0172363 


9-4428704 


-001187648 


843 


710649 


599077107 


29-0344623 


9-4466i)72 


-001186240 


844 


712336 


601211584 


29-0516781 


9-4503410 


•001184834 


846 


714025 


603351126 


29-0688837 


9-4640719 


•001183432 


846 


715716 


606495736 


29-0860791 


9-4577999 


•001182033 


847 


71t409 


607646423 


29-1032644 


9-4616249 


-001180638 


848 


719104 


609800192 


29-1204396 


9-4662470 


-001179245 


849 


720801 


611960049 


29-1376046 


9-4689661 


•001177856 


860 


722500 


614126000 


29-1547596 


9-4726824 


•001176471 


861 


724201 


616296061 


29-1719043 


9-4763957 


-001175088 


862 


725904 


618470208 


29-1890390 


9-4801061 


•001173709 


863 


727609 


620660477 


29-2061637 


9-4838136 


•001172333 


864 


729316 


622836864 


29-2232784 


9-4875182 


. ^001170960 


866 


731025 


626026375 


29-2403830 


9-4912200 


-001169591 


866 


732736 


627222016 


29-2574777 


9-4949188 


-001168224 


867 


734449 


629422793 


29-2745623 


9-4986147 


•001166861 


868 


736164 


631628712 


29-2916370 


9-5023078 


-001165501 


869 


737881 


633839779 


29-3087018 


9-6059980 


-001164144 


860 


739600 


636056000 


29-3257666 


9-6096854 


•001162791 


861 


741321 


638277381 


29-3428015 


9-5133699 


•001161440 


862 


743044 


640503928 


29-3698365 


9-6170516 


-001160093 


863 


744769 


642736647 


29-3768616 


9-5207303 


•001168749 


864 


746496 


644972544 


29-3938769 


9-6244063 


-001167407 


865 


748225 


647214625 


29-4108823 


9-5280794 


-001156069 


866 


749966 


649461896 


29-4278779 


9-5317497 


•001154734 


867 


751689 


651714363 


29-4448637 


9-6364172 


-001153403 


868 


753424 


653972032 


29-4618397 


9-5390818 


•001152074 


869 


765161 1656234909 


29-4788059 


9-6427437 


•001150748 


870 


756900; 658503000 


29-4957624 


9-5464027 


•001149426 


871 


758641 


660776311 


29-6127091 


9-5500589 


-001148106 


872 


760384 


663064848 


29-6296461 


9-6537123 


•001146789 


873 


762129 


665338617 


29-6465734 


9-6573630 


•001146475 


874 


763876 


667627624 


29-5634910 


9-5610108 


•001144166 


876 


765626 


669921875 


29-6803989 


9-5646559 


•001142857 


876 


767376 


672221376 


29-6972972 


9-5682782 


•001141553 


877 


769129 


674626133 


29-6141858 


9-5719377 


•001140251 


878 


770884 


676836162 


29-6310648 


9-5755746 


•001138952 


879 


772641 


679161439 


29-6479342 


9-5792086 


•001137656 


880 


774400 


681472000 


29-6647939 


9-5828397 


•001136364 


881 


776161 


683797841 


29-6816442 


9-5864682 


-001135074 


882 


777924 


686128968 


29-6984848 


9-5900937 


-001133787 


883 


779689 


688465387 


29-7153159 


9-5937169 


•001132503 


S84 


781466 


690807104 


29-7321376 


9-6973373 


•001131222 



JO 


Tabub of Squabw, Cotbb, Square aud Cube Roots. 


NHmber. 


Sc^uares. 


Cubes. 


V Roots. 


4/ Roots. 


Beciprooaln. 


885 


783225 


693154*25 


29-7489496 


9-6009548 


•001129944 


886 


784996 ; 695506456 


29-7657521 


9-6045696 


•001128668 


887 


786769 


697864103 


29-7825452 


9-6081817 


•001127396 


S88 


788544 


700227072 


29-7993289 


9-6117911 


•001126126 


889 


790321 


702595369 


29-8161030 


9-6153977 


•001124859 


896 


792100 


704969000 


29-8328678 


9-6190017 


•001123596 


89: 


793881 


707347971 


29-8496231 


9-6226030 


•001122334 


892 


795664 


707932288 


29-8663690 


9-6262016 


•001121076 


893 


797449 


712121957 


29-8831056 


9-6297975 


•001119821 


894 


799236 


714516984 


29-8998328 


9-6333907 


•00X118568 


895 


801025 


716917375 


29-9165506 


9-6369812 


•001117818 


896 


802816 


719323136 


29-9332591 


9-6405690 


•001116071 


897 


804609 


721734273 


29-9499583 


9-6441542 


•001114827 


898 


806404 


724150792 


29-9666481 


9-6477367 


-001113586 


899 


808201 


726572699 


29-9833287 


9-6513166 


•001112347 


900 


810000 


729000000 


30-0000000 


9-6548938 


•001111111 


901 


811801 


731432701 


30-0166621 


9-6584684 


•001109878 


902 


813604 


733870808 


30-0333148 


9-6620403 


•001108647 


903 


815409 


736314327 


30-0499584 


9-6656096 


•001107420 


904 


817216 


738763264 


30-0665928 


9-6691762 


-001106195 


905 


819025 


741217625 


30-0832179 


9-6727403 


•001104972 


906 


820836 743677416 


30-0998339 


9-6763017 


-001103753 


907 


822649 ; 746142643 30-1164407 


9-6798604 


-001102536 


908 


824464 1 748613312 20-1330383 


9-6834166 


•001101322 


909 


826281 : 751089429 30*1496269 


9-6869701 


•001100110 


910 


828100 


753571000 


30-1662063 


9-6905211 


-001098901 


911 


829921 


756058031 


30-1827765 


9-6940694 


•001097695 


912 


831744 


758550825 


30-1993377 


9-6976151 


•001096491 


913 


833569 


761048497 


30-2158899 


9-7011583 


•001095290 


914 


835396 


763551944 


30-2324329 


9-7046989 


•001094092 


915 


837225 


766060875 


30-2489669 


9-7082369 


•001092896 


916 


839056 


768575296 


30-2654919 


9-7117723 


•001091703 


917 


840889 


771095213 


30-2820079 


9-7153061 


-001090513 


918 


842724 


773620632 


30-2985148 


9-7188354 


-001089325 


919 


844561 776151559 


30-3150128 


9-7223631 


•001088139 


920 


846400 


778688000 


30-3315018 


9-7258883 


•001086957 


921 


848241 


781229961 


30-3479818 


9.7294109 


-001085776 


922 


850084 


783777448 


30-3644529 


9-7329309 


•001084599 


923 


851929 


786330467 


30-3809151 


9-7364484 


•001083423 


924 


853776 


788889024 


30-3973683 


9-7399634 


-001082251 


925 


855625 


791453126 


30-4138127 


9-7434758 


•001081081 


926 


857476 


794022776 


30-4302481 


9-7469867 


•001079914 


927 


859329 


796597983 


30-4466747 


9-7504930 


•001078749 


928 


861184 


799178752 


30-4630924 


9-7539979 


•001077586 


929 


863041 


801765089 


30-4795013 


9-7575002 


•001076426 


930 


864900 


804357000 


30-4959014 


9-7610001 


•001075269 


931 


866761 


806954491 


30-5122926 


9-7644974 


•001074114 


932 


868624 


809557568 


30-5286750 


9-7679922 


•001072961 


933 


870489 


812166237 


30-5450487 


9-7714845 


•001071811 


934 


872356 


814780504 


30-5614136 


9-7749743 


•001070664 


936 


874225 


817400375 


30-5777697 


9-7784616 


•001069519 


936 


876096 '8200258561 30-5941171 


9-7829466 


•001068376 





I^OJ 


t OF SaUAWMj 


Cubes, Squabi ato Gun Boots. A 


Numbw. 


Squwes. Cubes. 




V^Boote. 




y/ Roots. 


937 


877969 822656963 


30-6104557 


«-7854288 


•001067236 


938 


879844 825293672 


30-6267857 


9-7889087 


-001066098 


939 


881721 827936019 


30-6431069 


9-7923861 


•001064963 


940 


883600 830584000 


30-6594194 


9-7958611 


•001063830 


941 


885481 1833237621 


30-6757233 


9-7993336 


•001002699 


942 


887364 ' 835896888 


30-6920186 


9-8028036 


•001061571 


943 


889249 838561807 


30-7083051 


9-8062711 


•001060445 


944 


891136 841232384 


30-7245830 


9-8097362 


•001059322 


945 


893025 843908625 


30-7408523 


9-8131989 


•001058201 


946 


894916 '846590536 


30-7671130 


9-8166591 


•001057082 


947 


896808 849278123 


30-7733651 


9-8201169 


•001055966 


948 


898704 '851971392 


30-7896086 


9-8235723 


•001054852 


949 


900601 854670349 


30-8058436 


9-8270252 


•001063741 


950 


902500 857375000 


30-8220700 


9-8304757 


•001052632 


951 


904401 860085351 


30-8382879 


9-8339238 


•001051625 


952 


906304 862801408 


30-8544972 


9-8373695 


•001060420 


953 


9082091865.523177 


30-8706981 


9-8408127 


•001049318 


954 


910116 868260664 


30-8868904 


9-8442536 


•001048218 


965 


912025 '870983875 


30-9030743 


9-8476920 


•001047120 


95e 


913936 j 873722816 


30-9192477 


9-8611280 


•001046026 


957 


9158491876467493 


30-9354166 


9-8546617 


•001044932 


958 


917764 


879217912 


30-9515751 


9-8679929 


•001043841 


959 


919681 


881974079 


30-9677251 


9-8614218 


•001042763 


960 


921600 


884736000 


30-9838668 


9-8648483 


•001041667 


961 


923521 


887503681 


31-0000000 


9-8682724 


•001040583 


962 


925444 


890277128 


31-0161248 


9-8716941 


•001039501 


963 


927369 


893056347 


31-0322413 


9-8751136 


•001038422 


964 


929296 


895841344 


31-0483494 


9-8785305 


•001037344 


965 


931225 


898632125 


31-0644491 


9-8819451 


•001036269 


966 


93.3156 


901428696 


31-0806406 


9-8853674 


•001036197 


967 


935089 


904231063 


31-0966236 


9-8887673 


•001034126 


968 


937024 


907039232 


31-1126984 


9-8921749 


•001033058 


969 


938961 


909853209 


31-1287648 


9-8956801 


•0TJ1031992 


970 


940900 


912673000 


31-1448230 


9-8989830 


•001030928 


971 


912841 


915498611 


31-1608729 


9-9023835 


•001029866 


972 


944784 


918330048 


31-1769145 


9-9057817 


•001028807 


973 


946729 


921167317 


31-1929479 


9-9091776 


•001027749 


974 


948676 


924010424 


31-2089731 


9-9125712 


•001026694 


975 


950625 


926859375 


31-2249900 


9-9159624 


•001025641 


976 


952676 


929714176 


31-2409987 


9-9193513 


•001024590 


977 


964529 


932574833 


31-2569992 


9-9227379 


•001023541 


978 


956484 


935441362 


31-2729915 


9-9261222 


•001022495 


979 


958441 


938313739 


31-2889757 


9-9296042 


•001021450 


980 


960400 941192000 


31-3049517 


9-9328839 


•001020408 


981 


962361 944076141 


31-3209195 


9-9362613 


•001019168 


982 


964324 946966168 


31-3368792 


9-9396363 


•001018330 


983 


966289 949862087 


31-3528308 


9-9430092 


•001017294 


984 


968256 952763904 


31-3687743 


9-9463797 


•001016260 


985 


970225 955671625 


31-3847097 


9-9497479 


•001016228 


986 


972196 958585256 


31-4006369 


9-9531138 


-001014199 


987 


974169 961504803 


31-4165661 


9-9564775 


•001013171 


988 


976144 964430272 


31-4324673 


9-9698389 


•001012146 



4a 


Tabu 


1 or BQVARtt, OumB, Sqvau Ain» dm Boon. 




Namber. 


Sqiiaxep. Cubes. 






Reciprocali. 


>/ Kwt8. 


4^ Roots. 


989 


978121 967361669 


31-4483704 


9-9631981 


•001011122 


990 


980100, 970299000 


31-4642654 


9-9666649 


•001010101 


991 


982081 


973242271 


31-4801525 


9-9699055 


-001009082 


992 


984064 


976191488 


81-4960315 


9-9732619 


-001008066 


993 


986049 


979146657 


31-5119025 


9-9766120 


•001007049 


994 


988036 


982107784 


31-5277655 


9-9799699 


•001006036 


995 


990025 


985074875 


31-6436206 


9-9833065 


•001006026 


996 


992016 


988047936 


31-5594677 


9-9866488 


•001004016 


997 


994009 


991026973 


31-6753068 


9-9899900 


•001003009 


998 


996004 


994011992 


31-5911380 


9-9933289 


•001002004 


999 


998001 


997002999 


31-6069613 


9-9966666 


•001001001 


1000 


1000000 1000000000 


31-6227766 


10-0000000 


•001000000 


1001 


1000201 


1003003001 


31-6385840 


10-0033222 


•0009990010 


1002 


1004004 


1006012008 


31-6543866 


10-0066622 


•0009980040 


1003 


1006009 


1009027027 


31-6701752 


10-0099899 


-0009970090 


1004 


1008016 


1012048064 


31-6859590 


100133155 


•0009960169 


1005 


1010025 


1015075125 


31-7017349 


10-0166389 


•0009950249 


1006 


1010036 


1018108216 


31-7176030 


10-0199601 


-0009940358 


1007 


1014049 


1021147343 


31-7332633 


10-0232791 


•0009930487 


1008 


1016064 


1024192512 


31-7490157 


10-0265958 


•0009920635 


1009 


1018081 


1027243729 


31-7647603 


10-0299104 


-0009910803 


1010 


1020100 


1030301000 


31-7804972 


10-0332228 


•0009900990 


1011 


1020121 


1033364331 


31-7962262 


10-0365330 


•0009891197 


1012 


1024144 


1036433728 


31-8119474 


10-0398410 


•0009881423 


1013 


1026169 ; 1039509197 


31-8276609 


10-0431469 


•0009871668 


1014 


1028196 : 1042590744 


31-8433666 


10-0464506 


-0009861933 


1015 


1030225 


1045678375 


31-8590646 


10-0497521 


•0009862217 


1016 


1032256 


1048772096 


31-8747649 


10-0630614 


•0009842520 


1017 


1034289 


1051871913 


31-8904374 


10-0663485 


-0009832842 


1018 


1036324 


1054977832 


31-9061123 


10-0696435 


-0009823183 


1019 


1038361 


1058089859 


31-9217794 


10-0629364 


-0009813543 


1020 


1040400 


1061208000 


31-9374388 


10-0662271 


-0009803922 


1021 • 


1042441 


1064332261 


31-9530906 


100695166 


-0009794319 


1022 


1044484 i 1067462648 


31-9687347 


10-0728020 


•0009784736 


1023 


1046529 


1070599167 


31-9843712 


10-0760863 


•0009775171 


1024 


1048576 


1073741824 


32-0000000 


10-0793684 


•0009766626 


1025 


1050625 


1076890625 


32-0166212 


10-0826484 


•0009766098 


1026 


1052676 


1080045576 


32-0312348 


10-0869262 


•0009746689 


1027 


1054729 


1083206683 


32-0468407 


10-0892019 


•0009737098 


1028 


1056784 


1086373952 


32-0624391 


10-0924755 


-0009727626 


1029 


1058841 


1089547389 


32-0780298 


10-0967469 


-0009718173 


1030 


1060900 ' 1092727000 


32-0936131 


10-0990163 


•0009708738 


1031 


1062961 1095912791 


32-1091887 


10-1022836 


•0009699321 


1032 


1065024 1099104768 


32-1247568 


10-1065487 


•0009689922 


1033 


1067089 1102302937 


32-1403173 


10-1088117 


•0009680542 


1034 


1069156 1105507304 


32-1668704 


10-1120726 


-0009671180 


1035 


1071225 1108717875 


32-1714169 


10-1153314 


-0009661836 


1036 


1073296 


1111934666 


32-1869639 


10-1185882 


-0009652510 


1037 


1075369 


1115157653 


32-2024844 


10-1218428 


•0009643202 


1038 


1077444 


1118386872 


32-2180074 


10-1250953 


-0009633911 , 


1039 


1079521 


1121622319 


32-2336229 


10-1283457 


•0009624639 


1040 


1081600 112486400<» 


32-2490310 


101316941 


•0009615386 



TABUt OF SaUABBS, OUBBB, 0QUABS AMD OUBI ROOfS. 



Number. 


Squares. 


Cubei. 


^ Roots. 


^ilooto. 


Reciprocals. 


1041 


1083681 


1128111921 


32-2645816 


10-1348403 


•0009606148 


1042 


1085764 


1131366088 


32-2800248 


10-1380845 


-0009596929 


1043 


1087849 


1134626507 


32-2955105 


10-1413266 


-0009587738 


1044 


1089936 


1137893184 


32-3109888 


10-1445667 


-0009578544 


1045 


1092025 


1141166125 


32-3264598 


10-1478047 


•0009669378 


1046 


1094116 


1144445336 


32-3419233 


10-1510406 


•0009560229 


1047 


1096209 


1147730823 


32-3573794 


10-1642744 


-0009651098 


1048 


1098304 


1151022592 


32-3728281 


10-1676062 


•0009541985 


1049 


1100401 


1154320649 


32-3882695 


10-1607369 


•0009532888 


1060 


110250011157625000 


32-4037035 


10-1639636 


•0009523810 


1061 


1104601 1160935651 


32-4191301 


10-1671893 


•0009614748 


1052 


1106704 1164252608 


32-4345496 


10-1704129 


•0009505703 


1053 


1108809 1167576877 


32-4499615 


10-1736344 


•0009496676 


1054 


1110916 1170905464 


32-4653662 


10-1768539 


•9009487666 


1056 


1113125 


1174241375 


32-4807635 


10-1800714 


•0009478673 


1056 


1115136 


1177583616 


32-4961536 


10-1832868 


•0009469697 


1057 


1117249 


1180932193 


32-5115364 


10-1865002 


•0009460738 


1058 


1119364 


1184287112 


32-5269119 


10-1897116 


•0009461796 


1059 


1121481 


1187648379 


32-5422802 


10-1929209 


•0009442871 


1060 


1123600 


1191016000 


32-5576412 


10-1961283 


•0009433962 


1061 


1125721 


1194389981 


32-5729949 


10-1993336 


•0009426071 


1062 


1127844 


1197770328 


32-6883415 


10-2025369 


•0009416196 


1063 


1129969 


1201157047 


32-6035807 


10-2067382 


•0009407338 


1064 


1132096 


1204550144 


32-6190129 


10-2089375 


•0009398496 


1065 


1134225 


1207949625 


32-6343377 


10-2121347 


•0009389671 


1066 


1136356 


1211355496 


32-6496564 


10-2153300 


•0009380863 


1067 


1138489 


1214767763 


32-6649659 


10-2185233 


•0009372071 


1068 


1140624 


1218186432 


32-6802693 


10-2217146 


•0009363296 


1069 


1142761 


1221611509 


32-6965664 


10-2249039 


•0009364637 


1070 


1144900 


1225043000 


32-7108644 


10-2280912 


•0009346794 


1071 


1147041 


1228480911 


32-7261363 


10-2312766 


•0009337068 


1072 


1149184 


1231925248 


32-7414111 


10-2344699 


•0009328358 


1073 


115132911235376017 


32-7666787 


10-2376413 


•0009319664 


1074 


1153476 1238833224 


32-7719392 


10-2408207 


•0009310987 


1075 


1155625 1242296875 


32-7871926 


10-2439981 


•0009302326 


1076 


115777611245766976 


32-8024398 


10-2471735 


•0009293680 


1077 


1159929,1249243533 


32-8176782 


10-2503470 


•0009286051 


1078 


1162084 


1252726552 


32-8329103 


10-2535186 


•0009276438 


1079 


1164241 


1256216039 


32-8481354 


10-2666881 


•0009267841 


1080 


1166400 


1269712000 


32-8633536 


10-2698557 


•0009259259 


1081 


1168561 


1263214441 


32-8785644 


10-2630213 


•0009250694 


1082 


1170724 


1266723368 


32-8937684 


10-2661850 


•0009242144 


1083 


1172889 


1270238787 


32-9089663 


10-2693467 


•0009233610 


1084 


1175056 


1273760704 


32-9241653 


10-2726066 


•0009225092 


1085 


1177225 


1277289125 


32-9393382 


10-2756644 


•0009216690 


1086 


1179396 


1280824056 


32-9646141 


10-2788203 


•0009208103 


1087 


1181569 


1284365503 


32-9696830 


10-2819743 


•0009199632 


1088 


1183744 1287913472 


32-9848450 


10-2861264 


•0009191176 


1089 


1185921 1291467969 


33-0000000 


10-2882766 


•0009182736 


1090 


1188100 1295029000 


33-0151480 


10-2914247 


-0009174312 


lOP'. 


1190281 1298596571 


33-0302891 


10-2946709 


••009165903 


1092 


1192464 1302170688 


83'0464233 


10-2977153 


•0009157609 



44 



Tabu or Squabi^ Oubis, Squabb and Cubb Roots. 



NamlMr. Squwes. 



1093 
1094 
1095 
1096 
109r 
1098 
1099 
1100 
1101 
1102 
1103 
1104 
1105 
1106 
1107 
1108 
1109 
1110 
1111 
1112 
1113 
1114 
1115 
1116 
1117 
lllB 
1119 
1120 
1121 
1122 
1123 
1124 
1125 
1126 
1127 
1128 
1129 
1130 
1131 
11S2 
1133 
1134 
1135 
1136 
1137 
1138 
1139 
1140 
1141 
1142 
1143 
1144 



1194649 
1196836 
1199025 
1201216 
1203409 
1205604 
1207801 
1210000 
1212201 
1214404 
1216609 
1218816 
122102^ 
1223236 
1225449 
1227664 
1229881 
1232100 
1234321 
1236544 
1238769 
1240996 
1243225 
1245456 
1247689 
1249924 
1252161 
1254400 
1256641 
1258884 
1261129 
1263376 
1265625 
1267876 
1270129 
1272384 
1274641 
1276900 
1279161 
1281424 
1283689 
1285956 
1288225 
1290496 
1292769 
1296044 
1297321 
1299600 
1301881 
1304164 
1306449 
1308736 



Oubes. 

1305751357 
1309338584 
1312932375 
1316532736 
1320139673 
1323753192 
1327373299 
1331000000 
1334633301 
1338273208 
1341919727 
1345572864 
1349232625 
1352899016 
1356572043 
1360251712 
1363938029 
1367631000 
1371330631 
1375036928 
1378749897 
1382469544 
1386195875 
1389928896 
1393668613 
1397415032 
1401168159 
1404928000 
1408694561 
1412467848 
1416247867 
1420034624 
1423828125 
1427628376 
1431436383 
1435249152 
1439069689 
1442897000 
1446731091 
1450571968 
1454419637 
1468274104 
1462135375 
1466003456 
1469878353 
1473760072 
1477648619 
14^1544000 
1485446221 
1489355288 
1493271207 
1497193984 



v/Root8. 

33-0605505 

33-0756708 

33-0907842 

33-1058907 

33-1209903 

33-1360830 

33-1511689 

33-1662479 

33-1813200 

33-1963853 

33-2114438 

33-2266955 

33-2415403 

33-2565783 

33-2716095 

33-2866339 

33-3016516 

33-3166625 

33-3316666 

33-3466640 

33-3616546 

33-3766385 

33-3916157 

33-4065862 

33-4215499 

33-4365070 

33-4514573 

33-4664011 

33-4813381 

33-4962684 

33-5111921 

33-5261092 

33-5410196 

33-5559234 

33-5708206 

33-5857112 

33-6005952 

33-6154726 

33-6303434 

33-6452077 

33-6600653 

33-6749165 

33-6897610 

83-7045991 

33-7174306 

33-7340556 

33-7490741 

33-7638860 

33-7786915 

33-7934905 

33-8082830 

33-8280691 



^ Roots.' 

10-3008577 
10-3039982 
10-3071368 
10-3102736 
10-3134083 
10-3165411 
10-3196721 
10-3228012 
10-3269284 
10-3290537 
10-3321770 
10-3352985 
10-3384181 
10-3415368 
10-3446517 
10-3477657 
10-3508778 
10-3539880 
10-3570964 
10-3602029 
10-3633076 
10-3664103 
10-3695113 
10-3726103 
10-3757076 
10-3788030 
10-3818965 
10-3849882 
10-3880781 
10-3911661 
10-3942527 
10-3973366 
10-4004192 
10-4034999 
10-4065787 
10-4096557 
10-4127310 
10-4158044 
10-4188760 
10-4219458 
10-4250138 
10-4280800 
10-4311443 
10-4342069 
10-4372677 
10-4403677 
10-4433839 
10-4464393 
10-4494929 
10-4525448 
10-4555948 
10-4586431 



Table op Squakxs, Cubks, Sqvabi ass Oubx Roots. 




^ Roots. 

10-4616896 

10-4647343 

10-4677773 

10-4708168 

10-4738579 

10-4768955 

10-4799314 

10-4829656 

10-4859980 

10-4890286 

10-4920575 

10-4950847 

10-4981101 

10-5011337 

10-5041556 

10-5071767 

10-5101942 

10-5132109 

10-5162259 

10-6192391 

10-6222506 

10-5252604 

10-5282686 

10-5312749 

10-5342795 

ie-5372826 

10-6402837 

10-5432832 

10-5462810 

10-5492771 

10-6522715 I 

10-5552642 

10-5582552 

10-5612445 ■ 

10-5642322 I 

10-5672181 ' 

10-5702024 

10-5731849 i 

10-5761658 I 

10-5791449 

10-5821225 

10-6850983 

10-5880725 

10-5910450 

10-5940158 

10-5969850 

10-5999525 

10-6029184 

10-6058826 

10-6088451 

10-6118660 

10-6147652 



Reciprocals. 

-0008733624 
-0008726003 
•0008718396 
-0008710801 
-0008703220 
-0008696652 
•0008688097 
•0008680566 
•0008673027 
-0008665511 
-0008658009 
•0008660519 
•0008643042 
-0008635579 
•0008628128 
-0008620690 
•0008613244 
-0008605862 
-0008598452 
-0008691065 
•0008583691 
•0008676329 
•0008568980 
-0008561644 
-0008554320 
•0008547009 
-0008639710 
-0008632423 
•0008525149 
•0008617888 
•0008510638 
•0008503401 
•0008496177 
•0008488964 
•0008481704 
•0008471576 
^0008467401 
•0008460287 
•0008453085 
•0008445946 
-0008438819 
-0008431703 
•0008424600 
-0008417608 
•0008410429 
•0008403361 
•0008396306 
•0008389262 
•0008382320 
•0008376209 
•0008368201 
•0008361204 



tkmM OV SOVABIB, Cons, 8Q0ABS AKB OUBl BOOTS. 



Nnmlber. 

1197 
1198 
1199 
1200 
1201 
1202 
1203 
1204 
1205^ 
1206 
1207 
1208 
1209 
1210 
1211 
1212 
1213 
1214 
1215 
1216 
1217 
1218 
1219 
1220 
1221 
1222 
1223 
1224 
1225 
1226 
1227 
1228 
1229 
1230 
1231 
1232 
1233 
1234 
1235 
1236 
1237 
1238 
1239 
1240 
1241 
1242 
1243 
1244 
1245 
1246 
1247 
1248 



Squares. 

1432809 
1435204 
1437601 
1440000 
1442401 
1444804 
1447209 
1449616 
1452025 
1454436 
1456849 
1459264 
1461681 
1464100 
1466521 
1468944 
1471369 
1473796 
1476225 
1478656 
1481089 
1483524 
1485961 
1488400 
1490841 
1493284 
1495729 
1498176 
1500625 
1503276 
1506529 
1507984 
1510441 
1512900 
1515361 
1517824 
1520289 
1522756 
1525225 
1527696 
1530169 
1532644 
1535121 
1537600 
1540081 
1542564 
1545049 
1547536 
1550025 
1552521 
1555009 
1567504 



Cubef. \/Rooti. 



1716072373 
1719374392 
1723683599 
11728000000 
11732323601 
11736654408 
11740992427 
1745337664 
1 1749690125 
i 1754049816 
11758416743 
1762790912 
1 1767172329 
,1771561000 
1775956931 
11780360128 
•1784770597 
11789188344 
1 1793613376 
11798045696 
11802485313 
1806932232 
1811386459 
1815848000 
1820316861 
1824793048 
1829276567 
1833764247 
1838265626 
1842771176 
1847284083 
1851804352 
1856331989 
1860867000 
1865409391 
1869959168 
1874516337 
1879080904 
1883652875 
1888232256 
1892819053 
1897413272 
1902014919 
1906624000 
1911240521 
1915864488 
1920495907 
1925134784 
1929781125 
1934434936 
1939096223 
1943764992 



34-5976879 
34*6121366 
34*6265794 
84-6410162 
34-6554469 
34-6698716 
34*6842904 
34-6987031 
34-7131099 
34*7275107 
34*7419055 
34-7562944 
84*7706773 
34-7850643 
34-7994253 
34*8137904 
34-8281496 
34*8425028 
34*8568601 
34*8711916 
34*8855271 
34*8998567 
34-9141805 
34*9284984 
34*9428104 
84*9571166 
34*9714169 
34*9857114 
36*0000000 
35*0142828 
35*0286598 
35*0428309 
35*0670963 
35*0713558 
35*0856096 
35-0998575 
35*1140997 
35-1283361 
35*1425568 
35*1567917 
35*1710108 
35*1862242 
35*1994318 
35*2136337 
35*2278299 
35*2420204 
36*2562051 
35*2703842 
35*2845576 
35-2987252 
35-3128872 
36-3270436 



V Roots. 

10-6177228 
10-6206788 
10-6236331 
10-6265857 
10-6295367 
10-6324860 
10-6354338 
10-6383799 
10-6413244 
10-6^2672 
10-6472085 
10-6601480 
10-6630860 
10-6660223 
10-6589570 
10-6618902 
10-6648217 
10-6677516 
10-6706799 
10-6736066 
10-6765317 
10-6794662 
10-6823771 
10-6862073 
10-6882160 
10-6911331 
10-6940486 
10-6969625 
10-6998748 
10-7027856 
10-7056947 
10-7086023 
10-7115083 
10-7144127 
10-7173165 
ia-7202168 
10-7231165 
10-7260146 
10-7289112 
10-7318062 
10-7346997 
10-7375916 
10-7404819 
10-7433707 
10-7462579 
10-7491436 
10-7520277 
10-7549103 
10-7577913 
10-7606708 
10-''635488 
10-7664252 



Reciprocals. 

•0008364219 
•0008347245 
•0008340284 
•0008333333 
•0008326396 
•0008319468 
•0008812662 
•0008306648 
•0008298755 
•0008291874 
•0008285004 
•0008278146 
•0008271299 
•0008264463 
•0008257638 
•0008260825 
•0008244023 
•0008237232 
•000823C453 
•0008223684 
•0008216927 
•0008210181 
•0008203445 
•0008196721 
•0008190008 
•0008183306 
•0008176615 
•0008169935 
•0008163265 
•0008166607 
•0008149959 
•0008143322 
•0008136696 
•0008130081 
•0008123477 
•0008116883 
•0008110300 
•0008103728 
•0008097106 
*0008090615 
•0008084074 
•0008077544 
•0008071025 
•0008064516 
•0008068018 
•0008051530 
*0008045052 
*0008038585 
•0008032129 
•0008025682 
•0008019246 
•0008012$21 



T&BU OP SQUAAI8, Oons, Sqita»b aiii> Oubi Boots 
Number. SfOftres. Oab«s. 



47 



1249 
1250 
1251 
1252 
1253 
1254 
1255 
1256 
1257 
1258 
1259 
1260 
1261 
1262 
1263 
1264 
1265 
1266 
1267 
1268 
1269 
1270 
1271 
1272 
1273 
1274 
1275 
1276 
1277 
1278 
1279 
1280 
1281 
1282 
1283 
1284 
1285 
1286 
1287 
1288 
1289 
1290 
1291 
1292 
1293 
1294 
1295 
1296 
1297 
1298 
1299 
1300 



1560001 
1562500 
1565001 
1567504 
1570009 
1572516 
1575025 
1577536 
1580049 
1582564 
1585081 
1587600 
1590121 
1592644 
1595166 
1597696 
1600225 
1602756 
1605289 
1607824 
1610361 
1612900 
1615441 
1617984 
1620529 
1623076 
1625625 
1628176 
1630729 
1633284 
1635841 
1638400 
1640961 
1643524 
1646089 
1648656 
1651225 
1653796 
1656369 
1658944 
1661521 
1664100 
1666681 
1669264 
1671849 
1674436 
1677025 
1679616 
1682209 
1684804 
1687401 
1690000 



1948441249 
1953125000 
1957816251 
1962515008 
1967221277 
1971935064 
1976656375 
1981385216 
1986121593 
1990865512 
1995616979 
2000376000 
2005142581 
2009916728 
2014698447 
2019487744 
2024284625 
2029089096 
2033901163 
2038720832 
2043548109 
2048383000 
2053225511 
2058075648 
2062933417 
2067798824 
2072671875 
2077562576 
2082440933 
2087336952 
2092240639 
2097152000 
2102071841 
2106997768 
2111932187 
2116874304 
2121824125 
2126781656 
2131746903 
2136719872 
2141700569 
2146689000 
2151685171 
2156689088 
2161700757 
2166720184 
2171747375 
2176782336 
2181825073 
2186875592 
2191933899 
2197000000 



v/'Roots. 

35-3411941 

35-3553391 

35-3694784 

35-3836120 

35-3977400 

35-4118624 

35-4259792 

35-4400903 

35-4541958 

35-4682957 

35-4823900 

35-4964787 

35-5105618 

35^5246393 

85-5387113 

35-5527777 

35-5668385 

35-5808937 

35-5949434 

35-6089876 

35-6230262 

35-6370593 

35-6510869 

35-6651090 

35-6791255 

35-6931366 

35-7071421 

35-7211422 

35-7351367 

35-7491258 

35-7631095 

35-7770876 

85-7910603 

35*805027« 

35-8189894 

35-8329457 

35-8468966 

35-8608421 

35-8747822 

35-8887169 

35-9026461 

35-9165699 

35-9304884 

35-9444015 

35-9583092 

35-9722115 

35-9861084 

36-0000000 

36-0138862 

36-0277671 

36-0416426 

36-0555128 



^ Roots. 

10-7693001 
10-7721735 
10-7750453 
10-7779156 
10-7807843 
10-7836516 
10-7865173 
10-7893815 
10-7922441 
10-7951053 
10-7979649 
10-8008230 
10-8036797 
10-8065348 
10-8093884 
10-8122404 
10-8150909 
10-8179400 
10-8207876 
10-8236336 
10-8264782 
10-8293213 
10-8321629 
10-8350030 
10-8378416 
10-8406788 
10-8435144 
10-8463485 
10-8491812 
10-8520125 
10-8548422 
10-8576704 
10-8604972 
10-8633225 
10-8661454 
10-8689687 
10-8717897 
10-8746091 
10-8774271 
10-8802436 
10-8830587 
10-8858723 
10-8886845 
10-8914952 
10-8943044 
10-8971123 
10-8999186 
10-9027235 
10-9055269 
10-9083290 
10-9111296 
10-9139287 



Reciprocalg. 

•0008006405 
•0008060000 
•0007993605 
•0007987220 
•0007980846 
-0007974482 
•0007968127 
•0007961783 
•0007955449 
•0007949126 
0007942812 
•0007936508 
•0007930214 
-0007923930 
•0007917656 
•0007911392 
•0007905138 
•0007898894 
•0007892660 
•0007886435 
•0007880221 
•0007874016 
-0007867821 
•0007861635 
-0007855460 
-0007849294 
-0007843137 
-0007836991 
•0007830854 
•0007824726 
•0007818608 
•0007812500 
•0007806401 
•0007800312 
•0007794232 
•0007788162 
•0007782101 
•0007776050 
•0007770008 
•0007763975 
•0007757952 
•0007751938 
•0007745933 
•0007739938 
•0007733952 
•0007727975 
•0007722008 
•0007716049 
•0007710100 
•0007704160 
•0007698229 
-0007692308 



Ti.BU OP SQVMIIS, CUBKB, SQUARE AND UDBB &O0T8. 



Nn-iber. 


Squwes. 


Cabeti. 1 


1301 


1692601 1102073901! 


1302 


169520412207156608; 


1303 


1697809 


2212245127 ! 


1304 


1700416 


2217342464 


1305 


1703025 


2222447625 


1306 


1705636 


2227560616 


1307 


1708249 


2232681443 


1308 


1710864 


2237810112 


1309 


1713481 


2242946629 


1310 


1716100 


2248091000 


1311 


1718721 


2255243231 


1312 


1721344 


2258403328 


1313 


1723969 


2263571297 


1314 


1726596 


2268747144 


1315 


1729225 


2273930875 j 


1316 


1731856 


2279122496 


1317 


1734489 


2284322013 


1318 


1737124 


2289529432 


1319 


1739761 


2204744759 


1320 


1742400 


2299968000 


1321 


1745041 


2b05199161 


1322 


1747684 


2310438248 


1323 


1750329 


2315685267 


1324 


1752976 


2320940224 


1325 


1755625 


2:^26203125 


1326 


1758276 


2331473976 


1327 


1760929 


2336752783 


1328 


1763584 


2342039552 


1329 


1766241 


2347334289 


1330 


1768900 


2352637000 


1331 


1771561 


2357947691 


1332 


1774221 


2363266368 


1333 


1776889 


2368593037 i 


1334 


1779550 


2373927704 ; 


1335 


1782226 


2379270375 


1336 


1784890 


2384621056 | 


1337 


1787509 


2389979753 


1338 


1790244 


2395346472 


1339 


1792921 '24007212191 


1340 


1795600 


2406104000 


1341 


1798281 


2411494821 1 


1342 


1800964 


2416893688 


1343 


1803649 


2422300607 


1344 


1806336 


2427715584 


1345 


1809025 


2433138625 


1346 


1811716 


2438569736 


1347 


1814409 


24.U008923 


1348 


1817104 


2449456192 


1349 


1819801 


2454911540 


1550 


1822500 


2460375000 


1351 


1825201 


2465846551 


1352 


1827904 2471326208 







Reciprocals. 


^ Roots. 


^ Roots. 


36-0693776 


10-9167265 


•0007686305 


36-0832371 


10-9195228 


•0007680492 


36-0970913 


10-922.3177 


-0007674570 


36-1109402 


10-9251111 


•0007668712 


36-1247837 


10-9279031 


-0007662835 


36-1386220 


10-9306937 


•0007656968 


36-1524550 


10-9334829 


•0007651109 


36-1662826 


10-9362706 


•0007645260 


36-1801050 


10-9390569 


•0007639419 


36-1939221 


10-9418418 


•0007033588 


36-2077340 


10-9446253 


•0007627765 


36-2215406 


10-9475074 


-0007621951 


36-2353419 


10-9501880 


•0007616446 


36-2491379 


10-9529673 


•0007610350 


36-2626287 


10-9557451 


•0007604563 


36-2767143 


10-9585215 


•0007598784 


36-2904246 


10-9612965 


-0007593014 


36-3042697 


10-9640701 


•0007587253 


36-3180396 


10-9668423 


•0007681501 


36-3318042 


10-9696131 


•0007575758 


36-3455637 


10-9723825 


•0007570023 


36-3593179 


10-9751505 


•0007664297 


36-3730670 


10-9779171 


-0007558579 


36-3868108 


10-9806823 


•0007552870 


36-4005494 


10-9834462 


•0007547170 


36-4142829 


10-9862086 


-0007541478 


36-4280112 


10-9889696 


•0007535795 


36-4417343 


10-9917293 


•0007530120 


3«.4554523 


10-9944876 


•0007524454 


3«.4691650 


10-9972445 


•0007518797 


36-4828727 


11-0000000 


•0007513148 


36-4965752 


11-0027541 


-0007507508 


36-5102725 


11-0055069 


•0007501 875 


36-5239647 


11-0082583 


•0007496252 


36-5376518 


11-0110082 


-0007490637 


36-5513388 


11-0137669 


•0007485030 


36-5650106 


n-0165041 


•0007479432 


36-5786823 


11-0192500 


•0007473842 


36-5923489 


11-0219945 


•0007468260 


36-6060104 


11-0247377 


•0007462687 


36-6196668 


11-0274795 


•0007457122 


36-6333181 


11-0302199 


•0007451565 


36-6469144 


11-0329590 


•0007446016 


36-6606056 


11-0356967 


•0007440476' 


36-6742416 


11-0384330 


•0007434944 


36-6878726 


11-0411680 


•0007429421 


36-7014986 


11-0439017 


•0007423905 


36-7151195 


11-0466339 


•0007418398 


36-7287353 


11-0493649 


•0007412898 


36-7423461 


11-0520945 


•0097407407 


36-7559519 


11-0548227 


•0007401924 


30-7695526 


11-0575497 


•0007396450 



j 



Tabu of SauABis, Cubb, Squasi and Cubi Boon 



Numtwr. 

1353 
1354 
1355 
1356 
1357 
1358 
1359 
1360 
1361 
1362 
1363 
1364 
1365 
1366 
1367 
1368 
1369 
1370 
1371 
1372 
1373 
1874 
1375 
1376 
1377 
1378 
1379 
1380 
1381 
1382 
1383 
1384 
1385 
1386 
1387 
1388 
1389 
1390 
1391 
1392 
1393 
1394 
1395 
1396 
1397 
1398 
1399 
1400 
1401 
1402 
1403 
1404 



Squares. 

1830609 

1833316 

1836025 

1838736 

1841449 

1844164 

1846881 

1849600 

1852321 

1855044 

1857769 

1860496 

1863225 

1865956 

1868689 

1871424 

1874161 

1876900 

1879641 

1882384 

1885129 

1887876 

1890625 

18933761 

18961291 

1898834 

1901641 

1904400' 

1907161 

1909924 

1912689 

1915456 

1918225 

1920996 

1923769 

1926544 

1929321 

1932100 

1934881 

1937664 

1940449 1 

1943236 

1946025 

1948816 

1951609 

1954404. 

1957201 

1960000 

1962801 

1965664 

1968409 

1971216 



Cubes. 

2476813977 

2482309864 

2487813875' 

2493326016 

2498846293 

2504374712 

2509911279 

2515456000 

2521008881 

2526569928 

2532139147 

2537716544 

2543302125 

2548895896 

2654497863 

2560108032 

2565726409 

2571353000 

2576987811 

2582630848 

2588282117 

2593941624 

2599609376 

2605285376 

2610969633 

2616662152 

2622362939 

2628072000 

2633789341 

2639514968 

2645248887 

2650991104 

2656741625 

2662500456 

2668267603 

2674043072 

2679826869 

2685619000 

2691419471 

2697228288 

2703046457 

2708870984 

2714704875 

2720547136 

2726397773 

2732266792 

2738124199 

2744000000 

2749884201 

2755776808 

2761677827 

2767587264 



vRooteT 

36-7831483 
36-7967390 
36-8108246 
36*8239053 
36*8374809 
36-8610515 
36*8646172 
36-8781778 
36*8917336 
36-9052842 
36-9188299 
36-9323706 
36-9459064 
36-9594372 
36-9729631 
36-9864840 
37-0000000 
37-0135110 
37-0270172 
37-0405184 
87-0540146 
37-0675060 
37-0899924 
37-0944740 
37-1079506 
37-1214224 
37-1348893 
37-1483512 
37-1618084 
37-1762606 
37-1887079 
87-2021505 
37-2165881 
37-2290209 
37-2424489 
37-2558720 
37-2692903 
37-2827037 
37-2961124 
37-3095162 
87-3229152 
87-3363004 
37-3496988 
87-3630834 
37-3764632 
37-3898382 
37-4032084 
37-4166738 
37-4299345 
37-4432904 
37-4566416 
87-4699880 



^ Roots. 

11-0602752 
11-0629994 
11-0667222 
11-0684437 
11-0711639 
11-0738828 
11-0766003 
11-0793166 
11-0820314 
11-0847449 
11-0874571 
11-0901679 
11-0928775 
11-0966857 
11-0982926 
11-1009982 
11-1037025 
11-1064054 
11-1091070 
11-1118073 
11-1146064 
11-1172041 
11-1199004 
11-1226956 
11-1252893 
11-1279817 
11-1306729 
11-1333628 
11-1360614 
11-1387386 
11-1414246 
11-1441093 
11-1467926 
11-1494747 
11-1521655 
11-1648350 
111576133 
11-1601903 
11-1628659 
11-1655403 
11-1682134 
11-1708852 
11-1735558 
11-1762250 
11-1788930 
11-1816698 
11-1842252 
11-1868894 
11-1895523 
11-1922139 
11-1948743 
11-1975334 



Beciproeals. 

•0007390983 
•0007385524 
-0007380074 
-0007374631 
-0007369197 
-0007363770 
•0007358352 
-0007352941 
-0007347639 
•0007342144 
•0007336757 
•0007331378 
-0007326007 
•0007320644 
•0007316289 
-0007309942 
•0007304602 
•0007299270 
•0007293946 
•0007288630 
-0007283321 
•0007278020 
•0007272727 
•0007267442 
•0007262164 
•0007256894 
-0007261632 
-0007246377 
-0007241130 
•0007235890 
•0007230668 
•0007225434 
•0007220217 
•0007215007 
•0007209805 
•0007204611 
•0007199424 
•0007194245 
•0007189073 
•0007183908 
•0007178751 
-0007173601 
•0007168469 
•0007163324 
•0007158196 
•0007153076 
-0007147963 
•0007142867 
-0007137759 
•0007132668 
•0007127584 
-0007122607 



fD 


Tabu of SauAiiBS, Cubes, Square i 
S<iuare8. Cubes. ( ^/AootsT 


LHD CUBB ROOra. 


Nnmber, 




Beciproeata. 


^ Roots, 


1405 


1974025 2773505123 


37-4833296 


11-2001913 


•0007117438 


1406 


1976836 


2779431416 


37-4966665 


11-2028479 


•0007112376 


1407 


1979649 


2785366143 


•37-5099987 


11-2056032 


•0007107321 


1408 


1982464 


2791309312 


37-5233261 


11-2081573 


•0007102273 


1409 


1985281 


2797260929 


37-6366487 


11-2108101 


•0007097232 


1410 


1988100 


2803221000 


37-5499667 


11-2134617 


•0007092199 


1411 


1990921 


2809189531 


37-5632799 


11-2161120 


•0007087172 


1412 


1993744 


2816166528 


37-5766885 


11-2187611 


•0007082153 


1413 


1996569 


2821161997 


37-6898922 


11-2214089 


•0007077141 


1414 


1999396 


2827145944 


37-6031913 


11-2240054 


•0007072136 


1415 


2002225 


2833148376 


37-6164857 


11-2267007 


•0097067138 


1416 


2005056 


2839169296 


37-6297764 


11-2293448 


•0007062147 


1417 


2007889 


2846178713 


37-6430604 


11-2319876 


•0007057163 


1418 


2010724 


2861206632 


37-6663407 


11-2346292 


-0007052186 


1419 


2013561 ; 2857243059 


37-6696164 


11-2372696 


-0007047216 


1420 


2016400 2863288000 


37-6828874 


11-2399087 


•0007042254 


1421 


2019241' 2869341461 


37-6961636 


11-2425465 


-0007037298 


1422 


2022084 2875403448 


37-7094153 


11-2451831 


-0007082349 


1423 


2024929 2881473967 


37-7226722 


11-2478185 


-0007027407 


1424 


2027776 2887563024 


37-7359246 


11-2604527 


•0007022472 


1425 


2030625 2893640625 


37-7491722 


11-2630866 


•0007017544 


1426 


2033476 


2899736776 


37-7624152 


11-2557173 


•0007012623 


1427 


2036329 


2906841483 


37-7756635 


11-2583478 


-0007007708 


1428 


2039184 


2911964752 


37-7888873 


11-2609770 


•0007002801 


1429 


2042041 


2918076689 


37-8021163 


11-2636050 


-0006997901 


1430 


2044900 


2924207000 


37-8163408 


11-2662318 


•0006993007 


1431 


2047761 


2930345991 


37-8286606 


11-2688573 


•000698S12O 


1432 


2050624 


2936493668 


37-8417759 


11-2714816 


•0006983240 


1433 


2053489 


2942649737 


37-8549864 


11-2741047 


•0006978367 


1434 


2056356 


2948814604 


37-8681924 


11-2767266 


-0006973501 


1435 


2059225 2954987875 


37-8813938 


11-2793472 


-0006968641 


1436 


2062096 2961169856 


37-8946906 


11-2819666 


-0006963788 


1437 


2064969 2967360453 


37-9077828 


11-2846849 


•0006958942 


1438 


2067844 2973559672 


37-9209704 


11-2872019 


•0006954103 


1439 


2070721 2979767519 


37-9341538 


11-2898177 


•0006949270 


1440 


2073600 2985984000 


37-9473319 


11-2924323 


•0006944444 


1441 


2076481 2992209121 


37-9605058 


11-2950457 


•0006939626 


1442 


2079364 3098442888 


37-9736751 


11-2976579 


•0006934813 


1443 


2082249 3004686307 


37-9868398 


11-3002688 


•0006930007 


1444 


2085136 13010936384 


38-0000000 


11-3028786 


•0006925208 


1445 


2088025 3017196125 


38-0131556 


11-3054871 


•0006920415 


1446 


2080916 1 3023464536 


88-0263067 


11-3080945 


•000691562V> 


1447 


2093809 3029741623 


88-0394532 


11-3107006 


•0006910850 


1448 


2096704 


3036027392 


38-0525952 


11-3133056 


•0006906078 


1449 


2099601 


3042321849 


38-0657326 


11-3159094 


•0006901312 


1450 


2102600 


3048626000 


38-0788666 


11-3185119 


•0006896652 


1451 


2106401 3064936851 


38-0919939 


11-3211132 


•0006891799 


1452 


2108304 


3061257408 


38-1061178 


11-3237134 


•0006887052 


1453 


2111209 


3067586777 


38-1182371 


11-3263124 


•0006882312 


1454 


2114116 


3073924664 


38-1313619 


11-3289102 


•0006877579 


1455 


2117025 


3080271375 


38-1444622 


11-3316067 


•0006872852 


1456 


2119936 3086626816 


88-1575681 


11-3341022 


•0096968132 



Tabu ov Squakeb, Cubks, Squarb and Oube Kootb. 
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Ntunbmr. 


Squares. GuIms. 


VKoote. 


^ Roots. 


Beoiprocals. 


1457 


2122849 3092990993 


38-1706693 


11-3366964 


-0006863412 


1458 


2125764 3099363912 


38-1837662 


11-3392894 


•0006858711 


1459 


2128681 ai05745579 


38-1968585 


11-3418813 


•0006854010 


1460 


2131600 3112136000 


38*2099463 


11-3444719 


•0006849315 


1461 


2134521 , 3118535181 


38-223029? 


11-3470614 


•0006344627 


1462 


2137444 3124943128 


38-2361085 


11-3496497 


•0006839945 


1463 


2140369 3131359847 


38-2491829 


11-3522368 


•0006835270 


1464 


2143296 3137785344 


38-2622529 


11-3548227 


•0006830601 


1465 


2146225,3144219625 


38-2753184 


11-3574075 


•0006825939 


1466 


2149156,3150662696 


38-2883794 


11-3599911 


•0006821282 


1467 


215208913157114563 


38*3014360 


11-3625735 


•0006816633 


1468 


2155024,3163575232 


38-3144881 


11-3651547 


•0006811989 


1469 


2157961 3170044709 


38-3275358 


11-3677347 


•0006807352 


1470 


2160900:3176523000 


88-3405790 


11-3703136 


•0006802721 


1471 


216384113183010111 


38-3536178 


11-3728914 


•0006798097 


1472 


2166784 3189506048 


38-3666522 


11-3754679 


•0006793478 


1473 


2169729 3196010817 


88-3796821 


11-3780433 


•0006788866 


1474 


217267613202524424 


38-3927076 


11-3806175 


•0006784261 


1475 


2175625:3209046875 


38-4057287 


11-3831906 


•0006779661 


1476 


217857613215578176 


38-4187454 


11-3857625 


•0006775068 


1477 


2181529,3222118333 


38-4317577 


11-3883332 


•0006770481 


1478 


2184484 13228667352 


38-4447656 


11-3909028 


•0006765900 


1479 


2187441 ;32352252no 


88-4677691 


11-3934712 


•0006761325 


1480 


2190400 3241792000 


38-4707681 


11-3960384 


•0006756767 


1481 


2193361 '3248367641 


38-4837627 


11-3986045 


•0006752194 


1482 


2196324,3254952168 


38-4967530 


11-4011695 


•0006747638 


1483 


2199289:3261545587 


38-5097390 


11-4037332 


•0006743088 


1484 


2202256,3268147904 


38-5227206 


11-4062959 


•0006738544 


1485 


2205225 3274759125 


38-5356977 


11-4088574 


•0006734007 


1486 


2208196 3281379256 


38-5486705 


11-4114177 


•0006729474 


1487 


221116913288008303 


38-5616389 


11-4139769 


•0006724950 


1488 


2214144 3294646272 


38-5746030 


11-4165349 


•0006720430 


1489 


2217121 13301293169 


38-5875627 


11-4190918 


•0006715917 


1490 


2220100 3307949000 


38-6005181 


11-4206476 


•0006711409 


1491 


2223081 


3314613771 


38-6134691 


11-4242022 


•0006706908 


1492 


2226004 


3321287488 


38-6264158 


11-4267556 


•0006702413 


1493 


2229049 


3327970157 


38-6393582 


11-4293079 


•0006697924 


1494 


2232036 


3334661784 


38-6522962 


11-4318591 


•0006693440 


1495 


2235025 


3341362375 


38-6652299 


11-4344092 


•0006688963 


1496 


2238016 


3348071936 


38-6781593 


11-4369581 


•0006684492 


1497 


2241009 3354790473 


38-6910843 


11-4395059 


•0006680027 


1498 


2244004 3361517992 


38-7040050 


11-4420525 


•0006675567 


1499 


2247001 3368254499 


38-7169214 


11-4445980 


•0006671114 


1500 


2250000 3375000000 


38-7298335 


11-4471424 


•0006666667 


1601 


225300113381754601 


38-7427412^ 


11-4496857 


•0006662225 


1502 


2256004 3388518008 


38-7556447 


11-4522278 


•0006657790 


1503 


2259009 3395290527 


38-7685439 


11-4547688 


•0006553360 


1504 


2262016 3402072064 


38-7814389 


11-4573087 


•0006648936 


1505 


2265025 34088626?5 


38-7943294 


11-4598476 


•0006644518 


1506 


2268036 3415662216 


38-8072158 


11-4623850 


•0006640106 


1507 


2271049 3422470843 


38-8200978 


11-4649215 


•0006636700 


1608 ' 


2274064 3429288512 


38-8329757 


11-4674568 


•0006631300 



62 



f ABU OV 8Q17AU8, OtnUtB, SQOAU lim OUBB BOOft. 



^f1lInber. 


Sqaares. 


1509 


2277081 


1610 


2280100 


1511 


2283121 


1512 


2286144 


1513 


2289169 


1514 


2292196 


1516 


2295225 


1516 


2298256 


1517 


2301289 


1518 


2304324 


1519 


2307361 


1520 


2310400 


1521 


2313441 


1522 


2316484 


1523 


2319529 


1524 


2322576 


1525 


2325626 


1526 


2328676 


1527 


2331729 


1628 


2334784 


1629 


2337841 


1630 


2340900 


1531 


2343961 


1632 


2347024 


1633 


2350089 


1634 


2353166 


1635 


2356225 


1536 


2359266 


1537 


2362369 


1538 


2365444 


1539 


2368521 


1540 


2371600 


1541 


2374681 


1542 


2377764 


1543 


2380849 


1544 


2383936 


1545 


2387025 


1646 


2390116 


1647 


2393209 


1548 


2396304 


1549 


2399401 


1550 


2402600 


1551 


2405601 


1552 


2408704 


1653 


2411809 


1554 


2414916 


1555 


2418025 


1556 


2421136 


1557 


2424249 


1558 


2427364 


1559 


2430481 


1660 


2433600 



Cabes. 

3436115229 
3442951000 
3449795831 
3456649728 
3463512697 
3470384744 
3477265876 
3484166096 
3491065413 
3697963832 
3604881359 
! 3511808000 
13518743761 
'3525688648 
1 3632642667 
. 3539605824 
3646578126 
13663569576 
'3567549552 
3560658183 
3574558889 
,3581577000 
13688604291 
; 3695640768 
,3602686437 
13609741304 
13616805376 
3623878666 
3630961153 
13638052872 
3645153819 
3652264000 
13657983421 
3666512088 
3673650007 
3680797184 
3687953626 
3695119336 
3702294323 
3709478592 
3716672149 
3723875000 
3731087151 
3738308608 
3745539377 
3752779464 
3760028875 
3767287616 
3774555693 
3781833112 
3789119879 
3796416000 



V^ Boots. 

38-8458491 
38-8587184 
88-8715834 
38-8844442 
38-8973006 
38-9101629 
38-9230009 
38-9358447 
33-9486841 
38-9615194 
38-9743506 
38-9871774 
39-0000000 
39-0128184 
39-0256326 
39-0384426 
39-0512483 
39-0640499 
39-0768473 
39-0896406 
39-1024296 
39-1152144 
39-1279951 
39-1407716 
39-1536439 
39-1663120 
39-1790760 
39-1918369 
39-2045915 
39-2173431 
39-2300905 
89-2428337 
39-2565728 
39-2683078 
39-2810387 
39-2937654 
39-3064880 
39-3192065 
39-3319208 
39-3446311 
39-3573373 
39-3700394 
39-3827373 
39-3954312 
39-4081210 
39-4208067 
39-4334883 
39-4461658 
39-4588393 
39-4715087 
39-4841740 
39-4968363 



V^loots. 

11-4699911 
11-4726242 
11-4750662 
11-4775871 
11-4801169 
11-4826456 
11-4851731 
11-4876995 
11-4902249 
11-4927491 
11-4952722 
11-4977942 
11-5003151 
11-5028348 
11-5053535 
11-6078711 
11-6103876 
11-5129030 
11-5164173 
11-6179305 
11-5204426 
11-6229635 
11-5254634 
11-5279722 
11-6304799 
11-5329865 
11-5364920 
11-5379965 
11-5404998 
11-6430021 
11-5456033 
11-6480034 
11-6506025 
11-6630004 
11-6554972 
11-5579931 
11-5604878 
11-5629815 
11-5664740 
11-6679665 
11-5704569 
11-5729463 
11-5754336 
11-5779208 
11-5804069 
11-6828919 
11-6863759 
11-5878588 
11-5903407 
11-6928215 
11-5963013 
11-6977799 



Recipioetli. { 

•0006626906 
•0006622817 
•0006618134 
•0006613757 
-0006609385 
•0006605020 
•0006600660 
-0006596306 
'0006591958 
•0006587615 
-0006583278 
-0006578947 
-0006574622 
-0006570302 
•0006565988 
-0006561680 
-0006557377 
-0006553080 
•0006548788 
•0006544603 
-0006540222 
•0006535948 
•0006531679 
•0006527415 
-0006523157 
-0006518906 
•0006514668 
•0006610417 
•0006506181 
•0006501951 
•0006497726 
-0006493506 
-0006489293 
-0006485084 
•0006480881 
•0006476684 
•0006472492 
•0006468305 
•0006464124 
•0006469948 
•0006465778 
•0006451613 
•0006447453 
•0006443299 
•0006439160 
•0006435006 
-0006430868 
-0006426735 
•0006422608 
-0006418485 
-00064U388 
•000641O2M 



Table op Squaaes, Cubbs, Sqvabb ahd Gdbi Koots. 



6S 



Number Squares. Cubes. 



1561 
1662 
1663 
1664 
1565 
1566 
1567 
1568 
1569 
1570 
1571 
1572 
1573 
1574 
1575 
1576 
1577 
1578 
1579 
1580 
1581 
1582 
1583 
1584 
1585 
1586 
1587 
1588 
1589 
1590 
1591 
1592 
1593 
1594 
1695 
1596 
1597 
1598 
1599 
1600 



2436721 
2439844 
2442969 
2446096 
2449225 
2452356 
2456489 
2458624 
2461761 
2464900 
2468041 
2471184 
2474329 
2477476 
2480625 
2483776 
2486929 
2490084 
2493241 
2496400 
2499661 
2502724 
2505889 
2509056 
2512225 
2515396 
2618569 
2521744 
2524921 
2628100 
2531281 
2534464 
2537649 
2540836 
2644026 
2547216 
2560409 
2653604 
2566801 
2560000 



3603721481 
3811036328 
3818360647 
3825641444 
3833037125 
3840389496 
3847751263 
3866123432 
3862503009 
3869883000 
3877292411 
3884701248 
3892119167 
3899647224 
3906984375 
3914430976 
3921887033 
3929362552 
3936827539 
3944312000 
3951805941 
3969309368 
3966822287 
3974344704 
3981876625 
3989418056 
3996969003 
4004529472 
4012099469 
4014679000 
4027268071 
4034866688 
4042474857 
4050092684 
4067719875 
4065356736 
4073003173 
4080659192 
4088324799 
40960000001 



n/ Roots. 

39-5094925 

39-5221467 

39-5347948 

39-5474399 

39-5600809 

39-5727179 

39-5853508 

39-5979797 

39-6106046 

39*6232265 

39-6358424 

39-6484562 

39-6610640 

39-6736688 

39-6862696 

39-6988665 

39-7114593 

39-7240481 

39-7366329 

39-7492138 

39-7617907 

89-7743636 

39-7869325 

39-7994976 

39-8120685 

39-8246165 

39-8371686 

39-8497177 

39-8622628 

39-8748040 

39-8873413 

39-8998747 

39-9124041 

39-9249295 

39-9374511 

39-9499687 

39-9624824 

39-9749922 

39-9874980 

40-0000000 



^ Roots. 

11-6003576 
11-6027342 
11-6052097 
11-6076841 
11-6101575 
11-6126299 
11-6161012 
11-6175715 
11-6200407 
11-6225088 
11-6249759 
11-6274420 
11-6299070 
11-6323710 
11-6348339 
11-6372957 
11-6397566 
11-6422164 
11-6446751 
11-6471329 
11-6496896 
11-6620452 
11-6544998 
11-6569534 
11-6594069 
11-6618574 
11-6643079 
11-6667574 
11-6692058 
11-6716532 
11-6740996 
11-6765449 
11-6789892 
11-6814325 
11-6838748 
11-6863161 
11-6887563 
11-6911955 
11-6936337 
11'696070» 



Redprocali. 

•0006406160 
-0006402049 
•0006397963 
•0006393862 
•0006389776 
-0006386696 
•0006381621 
•0006377551 
•0006373486 
•0006369427 
•0006365372 
•0006361323 
•0006367279 
-0006353240 
•0006349206 
-0006346178 
•0006341154 
•0006337136 
-0006333122 
•0006329114 
•0006325111 
-0006321113 
•0006317119 
•0006313131 
-0006309148 
•0006305170 
•0006301197 
•0006297229 
•0006293266 
'0006289308 
•0006286365 
•0006281407 
•0006277464 
•0006273526 
•0006269592 
•0006266664 
•0006261741 
•0006257822 
•0006263909 
•0006260000 



To find the Square Root of Numhen exceeding 1600. 

Example 4. Require tbe Square Hoot of S4698. In the e9lumn of Squcarti 
you will find, 

+34969 aa 187», +34969 = 1 87«, 

- ^84698 = 186»,+... —34696 = 180«. 

271 divided by 373 = 000.727, 

|/34698 =. 186-727 nearly. 



)* Evolution. 

Wlun the nu/mJber corUaitu Itdeger and JkdmdU. 

Example 5. Hequired the Square Root of 7846*45 ? In the column of Sgpiatu 
jTOU will find, 

+7849-96 = 88-6«, +7849-96 « 88-6», 

—7846-45 « 88-6«-, —7832*25 = 88-5% 

451 dlTided by ^ 1771 = 00-0256. 

V7845-46 » 88-5256 nearly. 

Jl^When the number of ciphers in the integer is even, the nomber of 
ciphers taken in the Square column must also be even ; but when the number 
of ciphers in the integer is odd, the number taken in the Square column must 
olsobeocbi 

3b find One Cube Moot of Numbers eaxudimg 1600. 

KxampU 6. Required the Cube Root of 6694958 ? In the (SAt column yon will 
And, 

+5735889 = 179* +5735339 = 179«. 

—6694958 = 178«- — 6639762 = 178*. 

40881 divided by 95687 = 000-4225, 

^ir694958 =» 178-4225 nearly. 

Wlun Oie number contains Integer and Decimals. 

Example 7. Required the Cube Root of ^86-586 ? In the column of CMbes you 
will find, 

+4261-528 = 16'2» 4261-528 « 16-2» 

— 4186-685 s= 16-18- 4173-281 = 16-1» 

— 64SS 7824t « . 00-068 

^ 4186-686 » 16-188 nearly, 

49-The following notice must be particularly attended to, when extracting 
Cube Bool of numbers with decimals. 

2 ciphers in the integer must be 5, 8, or 11 ciphers in the Oube column. 

3 « « « 8, 6, or 9 « « 

4 « « « 4, or 7 « « - 
6 « u It 5^ or 8 « ** 

6 ** tt tt 6^ or 9 « a 

7 « tt u 7, or 10 " ** 

BxampU 8. Required the Cube Root of 61358-75 ? In the Cube column and 8 
ciphers you will find, 

+61629-876 = 396» +61629876 =■ 39-6» 

— 61368-760 - 394»- — 61162984 ^ 39-4« 

"2Tri26 diTided by 466 891 « 00K)6807 

4r5T558-76'-=i 89-46807. 

Ta find the FonxrOi Boob, 

RuU. Extract the Square Root of the number as befi>re described, and of 
that root extract the Square Root again, then the last is the Fourth root of 
the number. * 

Example 9. Required the fourth root of 2460781 ? 



^2469781=3 V V^2460781 = vl671-4463 = 89-6467, the answer. 
lb find the Sixth Boot, 

Ride. Find the Cube Root of the number as before described, and of that 
root extract the Cube Root again, and then the last is the Sixth root of tlM 
number. 



NYSTROM'S CALOCLATOR. 



NISTROM'S CALCULATOR. 




All calculatioiis in this PocKin BoOKhaye been oompnted by this Infltmmeiii 
It consists of a silvered brass plat« on which are fixed two moveable arms, ex- 
tending from the centre to the periphery. On the plate are engraved a number 
of curved lines in such form and divisions, that by their intersection with the 
arms, numbers are read and problems solved. 

The arrangement fnt trigonometrical oalculatiois is such that it is not neces- 
sary to notice jtne, cosine, tan, &c., Ac, operating only by the angles them- 
selves expressed in degrees and minutes. IFhis makes trigonometrical solutions 
so easy, that any one who understands Simple Arithmetic, will be able to solvo 
trigonometrical q[uestions. 

C tlculations are performed by it almost instantly, no matter how complicated 
they may be, while there is nothing intricate or difficult in its use. The author 
of this book, who is the inventor, has thoroughly tested its practical utility. 
Without this instrument not one-tenth of the calculations and tables which 
he is continually bringing out, could be produced. 

ADVERTISEMENT. 

The attention of Engineers, Ship builders, and all whose business requires 
frequent and extensive calculations, is called to Nystrom*s Calculator. Price 
$20. 1^0 be obtained with description by applying to John W. Ntstbom, Phila- 
delphia. 

Communications will be promptly attended to. 

This Calculator received the First Freminm at the Franklin Instituto 
Exhibition. 

Wm. J. YOUNG, 

MaihemaHcalj Optical, and Oalculating Machine Manufacturer, 

43 N. 7th 3t, Philadelphia. 



LOGAHITHMS. 



A liOg aritbin is an exponent of a power to whidi 1,0 miut b« raised to giro 
a certain number, which will be understood by this 



f I if 

log. 100 » 2 because lO* » 100. 

log. 10000 =4 «< 10* = 10000 

log. 6012 => 3*7 " lOS-7 » 5012. 

The tmit of the logarithm is called the ehcaracUristie or indeXf and the didiMd 
part is called the mantissa, the sum of the chmracteristie and mantissa is the Logor- 
rUJim. The iuTariable number 10 is the hau for the system of Lwra- 

rif^— 



It is not necessary that the last should be 10, it can be any number, but all 
the tables of logarithms now in common use, are calculated with 10 to the 
base. 

The nature of logarithms in connection with their numbers are such, that the 
index of the logarithm is always one less than the number of figures in the 
number, (when the base of the logarithm is 10,) as, 
index 6012 » 8 
mantissa 5012 =a 0*7 

logarithm 6012 a 8*7. 
Let 10 be raised to any power x, and 

the power of 10* = a or log. a « a^ 
the power of 10* b 6 or log. 6 » s. 

let the product otdb^c «nd the quotienti' « «. 

o 

10«X10« « 10«*» = a5a.c or log.c«»+«. 

^«10«-»«|=d or log.d-»-^. 

a — m^ or log. m = sXlog. a. *» 

^a = fi or log. n » log. a : 8. 

Any number represented by the letters a, h, c, or d, can be a power of lb, which 
exponent is the logarithm for the number. Logarithms are calculated foijr every 
number with three figures in the accompanying Table, by which any operation in 
Multiplication, Division, Involution and Evolution can be performed by simple 
Addition or Subtraction of Logarithms. Tables of Logarithms are commonly more 
extensive, and calculated for any number of four or five figures, which would 
occupy too much room in this book ; but by the proportional parts, the logarithm 
can be found by this Table, to four or five figures. The index of the logarithms 
do not appear in the Table, only the mantissa. It is easily remembered that fht 
index is one less, than the number of figures in the number ; then when the num- 
ber is onfy one figure, the index is ; and when the number is a firaction, the 
index is negative. 

When the logarithm is to be Ibund for a fraction, we commonly have the 
firaction expressed in a decimal ; and then the negative index is equal to the 
number of ciphers before the first figure, and commonly marked after the ma»> 
tissa; thus explained in whole numbers and firactions: 

log. 365 » 266220. log. 0-366 » •66229— 1. 

log. 46-7 =- l-669Si log. 0*0467 « -66931—2. 

log. 7-69 « 0-88024 log. 0-00769 « -88024—3. 

In the accompanying Table of Logarithms, for the trigonometrical linei th* 

negative index is marked thus, 

log. sin. 860 40^ » log. 0-68806 » 1:76572. 



LOOABITBia. 67 

lb find the LogarUhm of NumJben, 
•ExampU 1. Find the logarithm of 46 . 

To 46 in the first column of the TablA. answers 66821 in the next ooltunn, 
which is the mantissa; index » 1 because 46 is two figures. 
Then, log. 46 a 1'65321, the answer. 

BxampLt 2. Find the logarithm of 768 7 

Opposite 76 in the first column, answers 88636 in the column marked 8 on the 
top or bottom. Index s 2 because 768 is three figures. 
Then, log. 768 = 2-88636. 

ExampU^, Find the Logarithm of 6846? 

log. 6840 » 3-83606 
Proportional part, §4X0-6 « 884 

log. 6846 » 3-836434 the answer. 
To find the number for a given LogarUhm, 
BxampU 1. What number answers to the logarithm 3*87167 7 
In the Table you will find in the column of logarithms, that 

log. 7440 = 3-87167, 
ExamtfU 2. What nimiber answers to the logarithm 8-801884T 
Giyen logarithm 3*801884, 

Subt nearest table log, 3-801400 « log. 6830, 
Divided by proportional part, 6914841 - - • • - ■ 7, 

6837 the req. nxtmb. 
MtHUplicaJlion hy LogarWtim. 
Ride, Add together the logarithms of the fiMstors, and the fiun is the loc»> 
rithm of the product. 
JEaeampte-L Multiply 425 by 48. 

To log. 425 » 2-62838, 

Add log. 48 » 1-68124^ 

The product, log. 20400 » 4-30968. 

JBaum^pUZ Multiply 79600 by 0*485. 

To log. 79690 s 4-90091, 

Add, log. 0-436 == •63848-- 1, 

The product log. 84690 = 4-63989. 

IHvision by LogariOaM. 
Ride. From the logarithm of the dividend flubt;ract the logarithm of the di- 
visor, and the difference is the logarithm of the quotient. 

JSxampUl. Divide 43800 by 868. 

From log. 43800 = 4*64147, 

Subtract log. 868 =» 2*66684» 

The quotient log. 119 ^ 2-07663. 

Example 2. Divide 36 by 0.626. 

From log. 36 =» 1*56636, 

Subtract, log. 0*626 = '79588-1. 

The quotient, log. 67*6 = 1*76048. 

A negative index ibllows an opposite operation of its mantissa, as if the man- 
tissa is subtracted, add the negative index, and vice verscu 
JEnvdution hy Logarithms, 
Btde, Multiply the logarithm of the number by itt exponent, and the pro- 
duct is the logfurithm of tiie power of the number. 
InvoUdion by LogaritfMis. 
Rule. Divide the logarithm of the number by the index of the root, and the 
quotient is the logarithm of the root of the number. 



Logarithm of Numbcbr. 

LOQARITIfJ^I OF NUMBERS, FROM 
TO 1000, 



« i M « 

77815;84510 90309 
02530;029S8 03S42 
0G445 06818 



ITk 




OOOOO 
01139 

■ 0791^ 
1,3111394 
U 11612 

15 17609 

16 20412 

17 23044 

18 25527 

19 27a7a 
30 30103 

21 'S2221 

22 34242 

23 36172 

24 38021 



39794 
41497 
43130 
4^715 
IG239 
47712 



31 49135 

32 p051& 
33 '51851 
34 53147 

54406 
55C30 
56S20 
57978 
59106 
60206 



I 1 

ooooo 

00132 
04533 
0.S378 
11727 
U921 
17897 
3(I6S3 
33399 
3576? 
38103 
30319 
32428 
34439 
36361 
3S301 
39967 
41664 
43396 
44S70 
463S9 
47856 
49276 
50650 
51982 
53275 
54530 
557&0 
56937 
5 SO 92 
59217 
00314 
613S4 
03428 
f>3447 
644^13 
65417 
66370 
07303 
6S3I4 

oains 

69983 
70342 

1600;716S3 
72.t27 72509 
73339,73319 

1036|74115 



30103 
00860 
0i931 
:0SG36 
12057 
15328 
18134 
2«951 
23552 
26007 
2S330 
30535 
32633 
34035 
36548 
3S331 
40140 
41830 
43450 
45024 
46538 
48000 



47712 
01283 
()5307 
08090 
12385 
15533 
1846^ 
2121S 
23804 
20245 
28555 
30749 
32333 
34830 



00206 
01703 
05690 
09342 
12710 
15836 
13752 
21484 
24054 
36481 
38780 
30963 
33041 
35034 



30735 36931 

38560,38739 
40313 404S3 
41995 42160 
4361643775 
4517345331 
16686 46S34 
43144 48287 



61278 
6^324 
6H340 
64315 
6 J 321 
66275 
67309 
68124 
6901 9 

0737 



49415 49554 49693 
50785 50920 51054 
52113153244 52374 
534O2I5352I 53655 
54054154777 54900 
5587055990 56110 
57054|&7170 57287 
58206 58319 5S433 58546 
5932S 59439 59549 59059 
6 0422j 6 53 6 00 3i^ GO 745 

01489 61595 01700 
63531 62634,02730 62838 



03543 
04542 
65513 
66464 
67394 






6364803749 

64610|0473ii 
65609 55705 
665586605: 
6748667577 
63304 68394'68484 
6919009284^:9373 
70070 7015G 70243 

70927 710ll|71096 
71707 71850, 71033 
735U1 

73480'73559 
74272 74351 



7339§ 
74193 



5 

119397 
0311S 

06009 
09691 
13033 
16136 
19033 
2174S 
24303 
26717|: 



1003- 
13353 
16435 
19312 
22010 
24551 
20951 



10330 
13672 
16731 
19590 
22271 
24797 
27184 



29003 39325I294 16 
31175 31386 31597 



3324333445 

3521836410 
3710037391 



38916 39093 



40054 



40324 



43334 424SS 



43933 
45484 

409S3 
■16430 



33046 
35003 
37474 
39269 
40993 
43651 



440 9Q 44248 



45630; 
47129; 
43572 



49S314996S 
&II88I51321 
52504'53033 
5378153907 
55032 55145 
L! 62 3 9, 5 634 8^ 
57403 5751S 



G384S 



58658 
59769 
60852 



45788 
47275 
48713 
50105 
51454 
62763 
54033 
55260 
56460 
i 57634 
58771 
59879 



60959 61066 



618040190**3013 



03941 
03948 



64836,04933 
6530105890 
ftG745G683S 
G7«69,67760 
68574 68603 



tj9460 
70339 

71180 

73015 
73S3r) 



63042 
64048 
O5030 
05991 
06931 
67851 
68752 



69548 
70415 

71265 

72098 
72916 



07188 
10721 
13987 
17026 
19365 
22530 
25042 
27415 
29666 
31806 

33845 
35793 
37657 
39449 
41162 
42813 
44404 
45939 
47421 
48855 
50242 
51587 
53891 
54157 
5536S 
56584 
57749 
58883 
59988 



95424 

03742 415 

07554 379 

11059 '349 

14301 

.17318 

'20139 

22783 

25285 

27646 

29885 

32014 

34044 

35983 

37839 

39619 

41330 

4'2975 

44560 

46089 

47567 

43995 

I50379 
■51719 
53020 
54282 
55509 
50702 
57863 
589*5 
60097 
61172 



02117 
63144 
64147 
65127 
60086 
67024 
67942 
68342 



69635 09723 
0586 



73639 73719 
74429 74507-74585 



0500 

71349 
72181 
72997 

,73793 



71433 
72203 
73078 
7387S 
74663 
8 



63221 
63346 
64346 
6Si324 
66181 
67117 
68033 
68930 
69810 
70671 
71516 
73345 
73158 
73957 
74771 



LOOARITHlfS OF NUMBIIS 



56 

57 
58 
59 
60 
61 
62 
63 



74818 
75587 
76342 
77085 
77815 
78533 
79239 
79934 



64 80618 



81291 
81954 
82607 
83250 
83884 



7084509 



71 

72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 



85125 
85733 
86332 
86923 
87506 
88081 
88649 
89209 
89762 
90309 
90848 
91381 
91907 
92427 
92941 
93449 
93951 
94448 
94939 
95424 
95984 
96378 
96848 
973]2 
97772 
98227 
98677 
99122 
99563 





91960 
92479 
92993 
93500 
94001 
94497 
94987 
95472 
96951 
96426 
96895 
97359 
97818 
98272 
98721 
99166 
99607 
1 



74896 
75663 
76417 
77158 
77887 
78604 
79309 
80002 
80685 
81358 
82020 
82672 
83314 
83947 
84571 
85187 
85793 
83991 
86981 
87564 
88138 
88705 
89265 
89817 
90363 
90902 
9143491487 



74973 
75739 
76492 
77232 
77959 
78675 
79379 
80071 
80753 
81424 
82085 
82736 
83378 
84010 
84633 
85248 
85853 
86451 
87040 
87621 
88195 
88761 
89320 
89872 
90417 
90955 



92012 
92531 
93044 
93550 
94051 
94546 
95036 
95520 
95999 
96473 
96941 
97405 
97863 
98317 
98766 
99211 
99651 



75050 
75815 
76566 
77305 
78031 
78746 
79448 
80140 
80821 
81491 
82151 
82801 
83442 
84073 
84695 
85309 
85913 
86510 
87098 
87679 
88252 
88818 
89376 
89927 
90471 
91009 
91540 
92064 
92582 
93095 
93601 
94101 
94596 
95085 
95568 

66047 
96520 
96988 
97451 
97909 
98362 
98811 
99255 
99694 

3 



4 
75127 
75891 
76641 
77378 
78103 
78816 
79518 
80208 
80888 
81557 
82216 
82866 
83505 
84136 
84751 
85369 
85973 
86569 
87157 
87737 
88309 
88874 
89431 
89982 
90526 
91062 
91592 
92116 
92634 
93176 
93651 
94151 
94645 
95133 
95616 
96094 
96567 
97034 
97497 
97954 
98407 
98855 
99299 
99738 



6 
75204 
75966 
76715 
77451 
78175 

78887 
79588 
80277 
80956 
81624 
82282 
82930 
83569 
84198 
84818 
85430 



86628 
87215 
87794 
88366 
88930 
89487 
90036 
90579 
91115 
91645 
92168 
92685 
93196 
93701 
94200 
94694 
95182 
95664 
96142 
96614 
97081 
97543 
93000 
98452 
98900 
99343 
99782 



6 

75281 
76042 
76789 
77524 
78247 
78958 
79657 
80345 
81023 
81690 
82347 
82994 
83632 
84260 
84880 
85491 
86093 
86687 
87273 
87852 
88422 
88986 
89542 
90091 
90633 

91169 
91698 
92220 
92737 
93247 
93751 
94250 
94743 
95230 
95712 
96189 
96661 
97127 
97589 
98045 
98497 
98945 
99387 
99825 

6 



r 

75358 
76117 
76863 
77597 
78318 
79028 
79726 
80413 
81090 
81756 
82412 
83058 
83695 
84323 
84941 
85561 
86153 
86746 
87332 
87906 
88479 
89042 
89597 
90145 
90687 
91222 
91750 
92272 
92788 



93802 
94300 
94792 
95279 
95760 

96236 
96708 
97174 
97635 
98091 
98542 



99431 
99869 



8 

75434 
76192 
76937 
77670 
78390 
79098 
79796 
80482 
81157 
81822 
82477 
83123 
83758 
84385 
85003 
85612 
86213 
86805 
87390 
87966 
88536 
89098 
89652 
90200 
90741 
91275 
91803 
92324 
92839 
93378 
93852 
94349 
94841 
95327 
95808 
96284 
96754 
97220 
97680 
98136 
98587 
99033 
99475 
99913 

8 



9 
75611 

76267 
77011 
77742 
78461 
79169 
79865 
80550 
81224 
81888 
82542 
83187 
83821 
84447 
85064 
85672 
86272 
86864 
87448 
88024 
88592 
89153 
89707 
90254 
90794 
91328 
91855 
92376 
92890 
93399 
93902 
94398 
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The nagative index is noted by two points, and must always follow au oppo 


■ite operation to that of the mantissa. If the mantissa is added, subtract 


the index, and vice versa. 
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The negative index is noted by two points, and must always follow an oppo- ! 
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005064 
0*06594 
0*08132 

0*0963a 
0-U240 
0'13S15 
0-14406 
0*16016 
0*17647 
0'1930S 
0-20084 
0-22696 
0-24441 
0-26222 
0-28044 
0-29910 
0-31826 
0-33795 
0*35825 
0*37921 
0*40090 
0-42342 
0*44685 

0*47129 

0-49639 
0*52377 
0-55213 
0-58215 
0*61411 
0*64830 
0*68511 
0-72503 
0-76869 

0*31694 
0*87091 
0*93224 
1-00337 
1-08815 
1*19325 
1*33184 
1*53615 
1*93419 

40' 



SO' 
0-00753 
0-02275 
0-0^794 
0*0y319 
0*06350 
0*08389 

0-09939 
0-11502! 
0-13079 
0-14673 
0*16286 
0*17921 
'0'195S1 
I 0-21263 
0-22985' 
I 0*24735 

0-26523 
0*28352 

I a*3022e 

0-32150 
! 0-34129 
0*3B169 
0-3S277 
6*404601 
0-42726 i 
0*450S6 

'0-47548 
0*50127 
0-52839 
0*55701 
0-58734 
0-61964 
065424 
0*69153 
0*73203 
0-77639 
0-S2550 
0*8S057 
0*94334 
1*01612 
1-1O401 
1-21351 
1*35990 
1'5«193 
2-05914 
30' 



40' 
0*01010 
0*02523 
0*04048 
0*05573 
0*07106 
0-08647 
0-101991 
0*11763, 
0-13343 
0*14940 I 
0-16557 
0-13196 
0-19860 
0-215521 
0*23274 
0*25031 
0-26825 
0*23661 
030543 
032476 
034465 
0*36516 
0*33635 
(1-40831 
0'43112 
0*454S8 
0*47969 
0-50^70 
0-53305 
0-56194 
0-59253 I 
0*62524 1 
O-66026 
0-69S04 
0*73913 . 
0*73422 

0*83422 
0*89044 1 
0-95471 1 
0-02986 I 

: 1*12047 
'1-23475 1 
1-38900 1 
1-63310 
i 1*23523 
20' 



50^ I 60 

0*01263 1 001516 

0*02731 0-03034 



0-04302 
0-05828 

0-07362 
0-08904 

0*10458 
0-12025 
0-13608 
0-15203 
0*16329 
0*1B472 
0-20140 
0-21S36 
0-23564 
0*25327 

0-27128 
0*28971 
0*30861 
0*32803 
0-34302 
0-36364 
0-38996 
0-41205 
0-43501 
0-45893 
0-48394 
0-51016 
0-53775 
0-56692 
0-59787 
0*63090 
0*66635 
0-70465 
0-74635 
0*79213 

0*84312 
0*90053 
0*96639 
1-04373 
1^13756 
3-25707 
1*42212 
1-69111 
2-53637 



19' 



ft-04556 
0-06083 

0-076LS 
0-09163 

0-10716 

0-13281^ 
0-13373 
0-15477 
0-17101 
0-18743 
0-20421: 
0-22122 
0-23856 
0*25624 

0*2ri32 
0-29283 
0-31181 
0-33132 

0-35141 
0-37214 
0*39359 

0-41582 
0*43893 
0-46302 

0-48323 
0-51466 
0-54250 
0-57191 
0*60322 
0-63663 
0-67252 
0-71134 
0-75363 
0-30023 
0-35219 
0*91035 
0-97833 
1-05304! 
1 -1^535 
l-2fi06ri 
1*45691 
1-75307 
0-00000 

0' 



LotJAKtlllM COTANUEKT* 



Eawiiple. :Finil the LogftTitlmiiB, 
l^g.tan. 36° 40^! - - - 
Log,t*n. 5S^ 50'? - 






JLtmaanoAL Pkooibsbion. 



, iLRITHMETICAL PROGRESSION. 

Arltbinetical Prog^ressioii is a series of numbers, bs 2, 4, 6, 8, 10, 12, 

te^ or 18, 15, 12, 9, 6, 3, in which etery successiye term is mcreased or dimin- 
ished by a constant number. 

LdUrg wiU denote, 
a = the first term of the series. 
b = any other term whose number fh>m a is «. 
n = number of terms within a and £. 
S = the difference between the terms. 
S = the sum of all the terms. 
In the series, 2, 5, 8, 11, a » 2, i& = 11, n » 4,f = 3,and S= 26. 
4^ When the series is decreasing, take the first term » b and the last term 

The accompanying Table contains all the formulas or questions in Arithmeti- 
cal Progressions, and the nature of the question will tell which formula is to b« 
used. 

Formtioi/Br JrithnuHcal Progrtssiont. 



a^b^fii^l). 



a mm b, 



1, 



6-a+J(f^-l), 



. 2S 

5 = -.— o, 



,5 = £+|(^l), 



f» = -J- +1, • 
2^ 



' 7, 
- 8, 



b—a 

(b-^a)(b-a\ 

2(&-an) 



^-an) 



^_2(bn^S)^ 
^ n(«r— 1) 



-10, 

. 11, 

-12, 



S^n(Sd-3, ... 18, 
^^(a+6^f£-a},, .14, 

-8f==f»[a+i(«^l)] 16, 
iSr=n[6— |(n-l)] - -10, 



^— 2->/(-|)'+^^ • • • 
«-'a.^j. //I b\* 2S 

— 2-^T±\/(2+r)— ?-• • - 



18, 

ao. 



£xampU 1, A man waa engaged to dig a well at one dollar ($1) fcr the firi 
foot of the depth of the well, $l'M for the second, and 84 cents more per erer 
successive foot in depth, until he reached the water, which waa found at a dept 
of 25 feet. Uow much money is due to the man ? 

This will be answered by the formula 15, in which anl, (2 = 0*84, an 
n = 25, then the sum, 

iSr = 25 [ 1+ -^(25 - 1)] = $277 the answer. 

Examjilt 2. A Propeller ship which is to run between Philadelphia an 
Charleston, cost $116500, of which the company agreed to pay on aocoun 
$14075 at her first trip to Charleston ; and per eyery successiye trip, they pai 
$650 less than the ibrmer. How many trips must the yessel make until she i 
folly paid? 

This will be answered by the formula 20, in which 6 => $14075, d = 650, au 
iff =116500. 



/ 



"="2+650^ \/V650+2J 660 10'6 or 11 trips. 

Ariihmtiical Progresnons of a Higher Order, 

Arithmetical Progressions are of the first order, when the difference i is i 
constant number, but when the difference S progresses itself with a constan 
number, the Progression is of the second order. 

When the difference S prc^esses in a second order, the Progression is of th 
third order, Ac, Ac, and is thus explained : 

1. 2, 3, 4, 5, 6, . • . . n, - • Arith. Prog., fir»t order. 

1, 3, 6, 10, 15, 21, . , . "J:^ - ... 2d. order. 
1,4,10,20,35,56, . . »J&!+12^), . . . . 8d. order. 

1,6, 15, 85, 70, 120, . li!i±^^(!i±?). . . . 4th.order. 

Here you will discoyer that the sum of n terms in one order, is equal to th* 
flame nth term in the next higher order. Arithmetical Progressions of tiie first 
teoondf and third orders, are applied to 

PILES OF BALLS AND SHELLS. 
Triangular Piling. 
SxampU 1. A complete triangular pile of balls has n s= 12 balls in each side 
Bequire how many balls in the base, and how many in the whole pile? 

Inlh^base, • « ^-^^y^^ = 78 balls, - - - 2d.order. 

m^pae.. . «lHaH:^^H±Hi-864balls,. . 8d.ordar. 

Square PiUtig. 
1, 4, 9, 16, 25, 36, • • - - n' 2d. order. 

1,6,14,30,55,91, - . tiirii^^il^ .... 8d.ord«r. 
[See Examples 2 and 3 on page 67.] 



GxOMXnUOAL PEOOBSSSKUr. 



GEOMETRICAL PROGRESSION. 

G eometrlcal Progression is a series of numbers, as 2 ; 4 ; 8 : 16 : 32 : Ac, 

or 729 : 243 : 81 : 27 : 9 : Ac, in which eyery snccesslTe term is multiplied or divided 
by a constant factor. 

a a the first term of the series. 

6 -« any other term whose number firom a is n. 

n » number of terms within a and h. 

r a ratio, or the jbctor by which the terms are multiplied or divided. 

S=» Sum of the terms. 

Inthe8eriesl:8:0:27: a^l, &a27, nsa4, r=s3, S^40. 

The accompanying Table contains all the formulas or qu<^tions in Oeometrioal 
Progressions. The nature of the question will tell which formula is to be 
used. 

IbnmiUu for Cfeomdrieal Ftogrtuions, 



am.S—rXS—b),' 






1, 
8. 






- • T, 
»*-|3^ ... 8, 
«r"+i8r— fiSr— a — 0, • 9, 



. . . 4, 

r 



5r— o 



.a(f*-D 



- 6(y"--l) 



10. 
12, 



i^ll^f-'^-^, IB, 






H 



" log.r. » *^ 

^-^y-g"^, 



OSOMKnUCAL PBOOUE08IOR. 



Bxampltl, Required the 10th term in the Geometrical Progression 4 : 12 : Stw, ? 

Given a s= 4, n = 10, and r = 3. We haTe, 

t^xrwidck 4. 6 = ar*^ « 4X3» «= 78732, the tenth term. 

Excanplt 2. Required the sum of the 10 terms in the preceding example ! 



IbmMto 11, iSf = ^^'^ ^^L-D^ 118096, the sum. 

■ ExampUZ, Insert 6 proportional terms hetween 3 and 384 f 
GiTena=«3, 6 « 384, and »« 6+2 = 8. 

then 8 : 6 : 12 : 24 : 48 : 06 : 192 : 384, the answer. 

Example 4. A man had 16 twenty dollar gold pieces, Which he agreed to ex- 
change for copper in such a way, that he gets one cent on the first $20, two on 
the second, four on the third, and eight on the fourth, &c., &e.; until the sixteen 
$20 pieces were covered. How many cents \fill come on the sixteenth gold 
piece, and what will he the whole amount of copper on the gold? 

In the progression 1:2:4:8: Ac, we fiave, 
Giren n ^ 16, r =2, and a = 1, then. 

Formula A, b = 1X2**"* = j = -«« 1^ =- ^« 32768 cents, on the 

sixteenth piece. 
The total sum of cents wUl he found >y th« 

JbmuZa 10. S^ 32768X^- 1. ^ ^535 ^^^ ^ $655*36. 



PCUng of BdUs and ShdU.—{Fr(rm pagt 64.] 

SbampZe 2. How many halls are oontained in a complete square pile, n » 10 
rows? 

1000+1X2X10+1)^10X11X21 = 385 M* 
2X0 6 

RedangvUar PHing. 

Let m he the number of balls on the top of the c(»ttplete pile, and n » num- 
ber of rows ija. the same, then the number of balls in the whole pile will 

»(n+l)^2nH-3^2)^- , _ ^ 3^^^^^ 

The number of balls in the longest bottom side will be =■ m+n — L 

Example S. The rectangular pfle having 15 rows and 23 balls on the the top, 
how many in the whole pile? 

1 5a5+l)(2Xl5-h3X23-2) ^ 15X16X67 ^ ^^ ^^^^ 
2X3 8 



Compound Intewest,— AHNurnES. 



COMPOUND INTEREST. 

Componnd Interest is when the Interest is added to the Gapitil fx 
each year, and the sum is the Capital for the following yeai. 

Jmoimt, «*=c(l+j))», . - - • 1, 

Qipital, * = a^ ^ 

Fleromlage, jp«BVf— 1, 8^ 



ir««Urofy,ar^ n=^^^' *. 

4^In these formulas p must he expressed in a fraction of 100. 
JSxampU 1. A capital c = 8650 standing with Compound Intetrest at J7 » 5 
per centl what will it amount to in n = 9 years. 
Amount a « 8650 (1*05)» = 18419 dollars. 

Example 2. A man commenced business with c = 300 dollars, after n = 6 
years he had a = 6875 dollars At what rate did his money increase, and 
how soon will he hare a fortune of 50000 dollars? 

The first question, or the per centage, will he answered by the formula 3. 

p = V^ — 1 « ^25=9166 — 1 = 0-87, or 87 per cent. 
«J00 

The time from the commencement of hucdness until the fortune is completed, 
will be answered from tiie formula 4. 

_ log.50m - lQy.300 4-e9897-2-47712 _ 

»*= T^-m 0-2720048. 8169 years, 

or 8 years and 2 months. 



ANNUITIES. 

Annuity is a eertain sum of money to be paid at regpilar intervals. 
A yearly payment or annuity 6, is standing for n years, to find the whole 
amount a at p per cent. Interest. 

Amount, a = 6» [l+^(n+l)] Simple Int., . - - 1 

Amount, o = — Tci+i))* — ij Comp. Int, - - - - % 

A yearly payment or annuity 6, is to be paid for n years, to find the present 
worth, or the amount a, which would pay it in full, at the beginning of ttie 
time n, deducting j? per cent. Interest. 

Amount, a = 6f»[l — ^(q^)]simp. Int, - - 3, 

Am^, « = L[l-^J_] Comp.Int, - • 4, 



ANNUITIKS.— PAPiR.— SBUECTION of "WATEa COLOUBS. 



I 



A debt D, standing for Interest, is diminished yearly by a snm 6 ; to find t4 
debt d after n y«Rrs, and the time n when it is fuily paid f 
The debt d after n years will be, 

The time n until fully paid will be, 

. "-^ ic^^^+p) ^ 

If & a> I>p then n *» (X), or the debt D will nerer be paid. Jt txCDp, the del 
i> will be increased. 
To find the yearly annuity h, which will pay a debt Din n yean, at » pi 
' - nd' •' ^ 



eent. Ck)mpound Interest? 



2)p(l4-p>> 
(l+_p)«-l 



PAPER. 

1 Beam >» 20 quires =» 480 sheets. 
1 quire = 24 sheets. 
Drawing Paper. 



13X16 inches. 

20X15 

22X17 

24X19 

27X19 

30X21 

28X22 



Golumbier, - 
AtJas, - - - 
Theorem, • 
Double Elephant, 
Antiquarian, - 
Emperor, • 
Uncle Sam, 



84X23 incheg. 

33X26 " 

84X28 « 

40X26 « 

62X31 *« 

40X60 « 

48X120 «< 



Cap, - • 

Demy, 

Medium, 

Royal, 

Super Royal, - 

Imperial, 

Elephant, 

Cbntinuotts Oolossdl Drawing Bjiper, No. A, and No. B, 50 inches wide, and of 
anv required length. No. A, of this paper is excellent for mechanical drawings. 
Price from 40 to 50 cents per yard. 

Tracing B:^per. 

Double Crown, 30 by 20 inches.^ -., . n__* i 

Double Double Crown, 40 « 30 " V S?^^^ ^r^r'^^* 

Double Double Double Crown, 60 « 40 « j "How or Blue Wove. 

Finest French Vcgdabie Tracing Biper. 
Grand Raisin for Royal) 24 in. by 18. Grand Aigle 40 in. by 27. 

Mounted Tracing PUper, 
This paper is mounted on cloth, and is still transparent; it will take ink and 
water colours. It is 38 inches wide, and of any required length. 
Vellitm Writing CMh^ 
Adapted fbr every description of tracing ; it is transparentylurable, and strong. 
It is 18 to 38 inches wide, and of any required length. 



SELECTION OP WATER COLOURS. 



Blue. Reftl Ultramarine. 

" French Blue. 

«* Indtoo. 

«* Oobdt Blue. 
Oreo*, Oliye Gaeea. 
TeUou, Cadmium. 

" Gamboge. 

« Ochre. 
Jied, Carmine. 
** Crimson Lake. 



Red. Rose Madder. 

" Light Red. 

Broum. Vandyke. 

** Brown Madder. 

Black, India Ink. 

** Blue Black. 

" Ivory Black. 

** Lamp Black. 
WkiU. Chinese White. 



Urited States' Standa&d Msasurbs and Weights. 



UNITED STATES' STANDAKD MEASURES AND WEIGHTS. 

>IEASURE OP LENGTH. 
The Standard Meantra of Length is a brass rod =» 1 yard at th«*>teinperatrire of 
32° Falirenheit. The length of a pendulum vibrating seconds in vacuo, at 
Philadelphia is 1-08614 yards, at + 32° Fahrenheit. 

The SurveytnjE Cbaiu is =» 22 yards » 60 feet It consists of 100 links, 
and each link <=s 7*^ inches. 

ROPES AND GABLES. 
1 Cable length » 120 fivthoms »> 720 feet 
1 fathom = 6 feet 

GEOQRAPHIOAL AND NAUTICAL MEASURES. 
1 Degree of the great circle of the Earth round the Equator s 69*032 statute 
miles = 60 Nautical miles. 

1 Statute mile => 5280 feet » 0*80875 Nautical miles. 
1 Nautical mUe = 6037-424 = 1«160 Statute miles. 

LOG LINE. 
The I<Ofr Ijine should be about 150 fathoms long, and 10 &thoms from 
the Log to the first knot on the line. If half a minute glass is used, it will be 
61 feet between each succeeding knot. For 28 seconds glass it will be 47*6 feet 
=a 7*93 fathoms per knot. This is the length of knot by calculation, but piao- 
tically it is shortened to 7-5 fothoms per knot for 28 seconds glass. 

MEASURE OF CAPACITY. 

Gallon* The standard Gallon measures 231 cubic inches, and contains 
8*3388822 pounds Avoirdupois = 58372-1757 grains Troy, of distilled water, at its 
maximum density 39*83° Fahrenheit, and 30 inches barometer height 

Butliel* The standard Bushel measures 2150-42 cubic inches = 77*627413 
pounds Avoirdupois of distilled water at 39*83^ Fahrenheit, barometer 30 inches. 
Its dimensions are 18^ inches inside diameter, 19^ inches outside, and 8 inches 
deep ; and when heaped, the cone must not be less than 6 inches high, equal 
2747*70 cubic inches for a true cone. 

Pound* The standard Pound Avoirdupois is the weight of 27*7015 cubic 
inches of distilled water, at 89*83^ Fahrenheit, barometer 30 inches, and 
weighed in the air. 

MEASURE OF LENGTH. 



Miles. 

1 
0125 
00125 
0*003125 

0-00056818 
000018939 



Furlongs. 

8 

1 
0*1 
0-025 
0-0045454 
000151515 



Chains. 

80 

10 

1 
025 

0HM5454 
001515151 



000015783l0-000126263;0*001262026 0*00505050 



Rods. 



40 

4 

1 

0*181818 
00G0G060 



Yards. 

1760 

220 

22 

5.5 

1 

0*33333 

10*0277777 



Feet 
5280 



16*5 
3 
1 
0*083333 



Inches. 

63360 
7920 

792 

198 

36 

12 
1 



MEASURE OF SURFACE. 



Sq. Miles. Acres 8.Chains. Sq. Rods. Sq. Yards. Sq. Feet 8q. Inches. 

4014489000 



640 

1 
0-1 

0-00625 
0-0002066 



1 
0001562 
00001562 
0000009764 
0000000323 
O''KN)000O358 
0-00000000025 0000000143;0-00006i43[0-6oiki2558 2o"o6677i6 



6400 
10 
1 
00G25 
0002066 



102400 

IGO 

16 

1 

00330 



00000229G 0-00002296 003G7 



3097600 

4840 

484 

30-25 

1 

0*1111111 



a7K78400 

43560 

4J56 

272 25 

9 

1 

0006944 



39204 

1296 

144 

1 





fJwoKD Btkns? Stambako HxASinm ahb Wuohts. 


ri 


MEASURE OP CAPAOTTT. 


Cub. Yard, 


Barrels. 


Bushels. 


Cub. Feet 


Pecks. 1 


Gallons. pib.lAeh 


1 
01782 
0-03961 
0HJ37037 
0-009902 
0O04li51 
0-00002143 


5-6103 

1 
0-22?2 
0-2078 
0OSS55 
04)2777 
0-0001202 


85-2467 
4-5 
1 
04W 
0-85 
0-125 
0-000465 


87 1004)87 801*974 
4*8185 18 36 
1-8438 4 8 
1 3*73600 7*47619 

0-13369 0-5 1 
04)005787 04)021645 04)04389 


46656 
8316 
2150*43 
1728 
468 
831 
1 


MSASUBE OF XJQT71DS. 


GaUcm. 


Qaarts. 


Pints. 


Oills. 


Cub. inch. 


1 
0-85 
0185 
0-03125 
0HXM339 


4 
1 

0*5 

0*185 

04)17315 


8 
8 
1 

0*85 

04)3463 


33 
8 

4 

0*13858 


831 
57-75 

88-875 

7*2175 

1 




MEASURES OF WEIGHTS. 




AVOIRDtJPOia 


Tton. 


Cwt 


Pounds. 


Ounces. 


Drams. 


1 
0-05 

0KX)044643 
000002790 
04)0000174 


80 

1 
00089285 
04)00558 
04)000348 


8840 
112 
1 
04)625 
04)016 


35840 

1798 

16 

1 

04)685 


573440 

28678 
356 
16 

1 


TROY. 


Pounds. 


Ounces. 


Dwt. 


Grains. 


Pound ATOir. 


1 
0*083333 
a004166 
04)001736 
1-815275 


18 
1 
04)5000 
04)0208333 
14*58333 


840 
80 

1 

04Miooet 

319-6666 


5760 

480 

84 

1 

7000 


0*822861 

0-068571 

00034285 

04)0020571 

1 


APOTHECARIES'. 


PDQXldS. 


Ounces. 


Drams. 


Scruples. 


Grains. 


0*08333 
04)1041666 
04)034722 
04)0017361 


13 

1 
0125 
04)416666 
0-020833 


06 

8 

1 

0*3333 

0*16666 


888 

84 

3 

1 

04)5 


5700 
480 
60 

an 
1 



72 



United States' Standard Measihies and Weights. 



Carat 

1 
0-25 

0015625 
0-3125 



DIAMOND. 
Graiii. Parts. 



4 

1 
0-0625 
1-25 



64 
16 

1 



Oralns. Troj. 

32 

0-8 

0-05 

1 



GOLD COINS. U. S. STANDARD WEIGHT. 



Name of the Coins 

Double Eagle ... 

Eagle 

Half Eagle . . .' . . 
Three Dollar piece . . 
Quarter Eagle . . . . 
Dollar piece .... 
Value per Grain . . . 
Value per Ounce . . . 



Dollars. 



;io 

55 



tl 



2-50 
I 1 

$ 0-0387596 
$ 186046 



WEIGHT TROT. 



Grains. 


Ounces. 


516 


1-075 


258 


05375 


129 


0-2C875 


77*4 


016125 


645 


0-134375 


25-8 


0-05375 


1 


000208333 


480 


1 



SILVER COINS. U. S. STANDARD WEIGHT. 



Name of the Coins. 

One Dollar 

Half Dollar or fiye Dimes . 
Quarter Dollar or 2| Dimes 

One Dime 

HalfDime 

Three Cents piece . . . 
Value per Grain .... 
Value per Ounce . . . . 



Copper Cent 
Half Cent . . 
Value per Grain . 
Value per Ounce 



Cents. 

100 
SO 
25 

10 
5 
3 

0-26041668 
125 



1 

0-5 
0-00595238 
28571424 



WEIGHT TROT. 



Grains. 
384 
192 
96 
384 
19-2 
11-52 
1 
480 



168 

84 

1 

480 



Ounces. 
0-8 
0-4 
0-2 
008 
004 
0^024 
0-00208333 
1 



0^35 

0175 

000308333 

1 



The Standard fineness of Gold and Silver Coins is one weight of dO/oy to 

nine weights of pure metal. The alloy for Gold Coin is Silver and 

Copper, and Copper for Silver Coin. 

Edatioe value qf Foreign Gold and Silver Coins f fixed hy Vie law of the 
United States. •' 

1 i^mndiSterKn^ of Great Britain $ 4'84 

1 Shitting 0242 

1 Pound Sterling of Nova Scotia, Neir Brunswick, Newfoundland and 

Canada 4*00 

1 DcUar of Mexico, Peru, and Central America 1*00 

1 Pa^roda of India 1*84 

1 ieeoZ Fe^Zon of Spain OOS 

1 Real Plate of Spain • 0-10 

1 Rupee Ocmpany 0-44^ 

li?tfpc« of British India 0*44* 

1 J^anc of France and Belgium 0*18%^ 

1 iSipecie 2^22ar of Sweden and Norway 106 

1 Ducat of Sweden SM5 

1 Specie DdOiar ofD^namtxk. 1-05 

1 J'lonn of Netherland 0.40 

l^ton'nof Southern States of Germany • . • 0.40 

i(?uv2der of Netherland 0.40 
X«vr« Toumoixe of France 0.18| 





FoBxiaN WsxaHTS and Mxasubbb. 




7a 


liivre of the Lombardo-Veneaan Kingdom 


. $0.16 


1 TAvre of Tuscany . , 


. . 0.16 


1 lAvrt of Sardinia .... 


. . 0185L 


1 -IftZj-ea of Portugal 


• . t to 


1 Milrea of Azores - 




. 0.831^ 


1 Marc Banco of Hamburg 


' 


0-35 
. 0.69 


1 Rix DoOar or Tlujler of Pmaaia and the Northern States <rf Germany, 
liitxiJoKar of Bremen - - 


-LRouhUSUverot^Maal^ 


. . o!75 


1 Florin of Austria •...•.•••.....• 


• . 0.484 


1 Jhtcat of Naples 


• . 0.80 


1 Ounce of Sicily •*........ ..... 


. . 2!40 


1 Jiid> of China •.••• 


.143 


IXnre of Leghorn • • . 


. ' . 0.16 


FOREIGN MEASXJRES OF LENGTH COMPARED WITH AMERICAN. 


Places. ' 


Measures. ]fnches. 


Places. 


Measures. 




Inches. 


Amsterdam 


Foot 


11-14 


Malta . . 


Foot 




11-17 


Antwerp . 


•< 


11-24 


Moscow . 


tt 




13-17 


Bavaria. . 


tt 


11-42 


Naples . . 


Palmo 




10-38 


Berlin . . 


tt 


12-19 


Prussia . 


Foot 




12-36 


Bremen . . 


tt 


11-38 


Persia . . 


Arish 




38-27 


Brussels 


tt 


11-45 


Rhiueland 


Foot 




12-35 


China 


« Mathematic 


1312 


Riga . . 


Ct 




10-79 


«« , 


« BuUder's 


12-71 


Rome . • 


«< 




-11-60 


** . . 


" Tradesman's 


13-32 


Russia. . 


tt 




13-75 


(( 


" Surveyor's 


12-58 


Sardinia . 


Palmo 




9-78 


Copenhagen 


tt 


12-35 


SicUy . . 


tt 




9-53 


Dresden 


tt 


11-14 


Spam . . 


Foot 




11-03 


Bngland . 


tt 


12-00 


** . . , 


Toesas 




66-72 


Florence . 


Braccio 


21*60 


** . . . 


Palmo 




8-34 


France . . 


Pied de Roi 


12-79 


Strasbnrgh 


Foot 




11-39 


*• . . 


Metre 


39-381 


Sweden . 


tt 




11-69 


Genera . . 


Foot 


10-20 


Turin . . 


(« 




12-72 


Genoa . • 


Palmo 


9-72 


Venice . . 


M 




13-40 


Hamburg . 


Foot 


11-29 


Vienna . 


(( 




12-46 


Hanover . 


tt 


11-45 


Zurich . . 


tt 




11-81 


Lcipsic . . 


« 


1111 


Utrecht . 


ft 




10-74 


Lifllwn . . 


tt 


12-96 


Warsaw . 


tt 




14-03 


« , . , 


Palmo 


8-64 










ENGLISH AND FRENCH MEASURES OF LENGTH. 




BnrriSH. Yard is referred to a natural standard, which is the length of a pendu- 


lum vibrating seconds in vacuo in London, at the level of the sea; 


measured on a brass rod, at the temperature of 62° Fahrenheit, 


= 391393 ImpeHal inches. 






llnch = 12 lines . = 106604 


tt 


1 Foot = 12 inches . = 12-7925 


ft 


IToise « 6 feet . =76-755 


tt 


1 League = 2280 tolsea . (common.) 
1 League = 2000 toises . (post.) 






1 Fathom = 5 feet. 






1 Centimetre . . — -39380 


tt 


1 Decimetre . . . =- S-93809 


ft 


1 Metre . . , , « 39-38091 


tt 


1 Decametre. . . =- 393-80917 


it 


1 Hecatometare . . -.8938^)9171 


u 
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FOREIGN ROAD MEASURES COMPARED WITH AMERICAN. 



Places, 
Arabia . 
Bohemia 
China . 
Denmark 
England 

Fhinden 
I'rance • 



Oermanj 
Hambnrg 
HanoTer 
Holland 



Ateamret 

Mile 
u 

U 
Mile 

Statute 

Qeographical 

League, marine 
common 
post 

Mile, long 



Yards. 
2148 

10187 
629 
8244 
1760 
2025 
6860 
6076 
4861 
4264 

10126 
8244 

11569 
6396 



Places. 
Hungary . 
Ireland 
Netherlands 
Persia . . 
Poland 
Portugal • 
Prussia 
Rome . * 
Russia. . 
Scotland . 
Spain . . 
Sweden 
Switzerland 
Tur key . 



Measures. 



MUe 



Parasang 
Mile, long 
League 
Mile 
u 

Verst 

Mile 

League, oommon 

Mile 

u 

Berri 



rardi, 
9118 
8088 
1096 
6086 
8101 
6760 
8468 
2026 
1167 
1984 
7416 

11700 
9153 
1826 



MEASURES OF SURFACE. 



Fbknoh. 



(M SyiUim.-^l Square Inch . . 

1 Arpent (Paris) . . 
1 Arpent (woodland) 
New System.— 1 Arc .... 

1 Decare . . . , 

1 Hecatare . . . . 

1 Square Metre . > 



« 11364 U. S. inches, 
n 900 square toises. 
= 100 square royal perches, 
"s 100 square metres. 
<» 10 ares. 
»= 100 ares. 

tB 1560*85 square inches, or 
10*7698 square feet 
lAro « 1076*98 ** 



FOREIGN MEASURES OF SURFACE COMPARED WITH AMERICAN. 



PUksu. 
Amsterdam 
Berlin . . 
** . • 
Canary Isles 
England 
Geneya 
Hamburg . 
Hanover . 
Ireland . . 
Naples . . 



Measwrts. 

Morgen 
« great 
" small 

Fanegada 

Acre 

Arpent 

Morgen 
« 

Acre 

Moggia 



9722 
6786 
8064 
2422 
4840 
6179 
11545 
3100 
7840 



Places. 
Portugal . 
Prussia . 
Rome • . 
Russia . . 
Scotland . 
Spain . . 
Sweden 
Switzerland 
Vienna • 
Zurich 



Mmmru. 


^.Wfc 


Jeira 


6970 


Morgen 


3053 


?ezza 


3168 


[>essetina 


1806(M 


Acre 


6150 


Fanegada 


6500 


Tunneland 


5900 


Paux 


7855 


Joch 


6S89 


Common acre 


3876*0 



FOREIGN MEASURES OF CAPACITY. 

BBmSH. The Imperial gaUon measures 277*274 cubic Inches, containing 10 lbs. 
Avoirdupois of distilled water, weighed in air, at the temperature 
of 62° degrees, the barometer at 30 inches. 
Pn- Cfrain. 8 bushels = 1 quarter. 

1 quarter =» 10*2694 cubic feet 
CboZ, or heaped measure. 8 bushels — 1 sack. 

12 sacks = 1 chaldron. 
Jmverial hushei =■ 2218*192 cubic inches. 

'^Heaped busheL 19i ins. diam., cone 6 ins. high » 2812*4872 cubic Ins. 
1 chaldron «s 58-658 cubic feet, and weighs 3136 pounds. 
1 chaldron (Newcastle) «= 5936 pounds. 
FBDrOH. New System.—! lAJbre » 1 cub. decimetre, or 61*074 U. S. cubic inches. 
Old System.—! Boisseau = 13 litres » 793*964 cub. Ins., or 8*^ galls. 
1 Pinte = 0*931 litres, or 56*817 cubic inches. 
Sphosb. 1 Wine Arroba = 4-2456 gallons. 

1 Fanega (common measure) =fe 1*693 budxels. 

* When heaped in the form of a true oone. 
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FOREIGN LIQUID MEASURES COMPARED WITH AMERICAN. 


Plojcei. 


Meamret. 


Oub.ln. 


Flaces. 


Measures. 


't^.If^ 


Amsterdam • 


Anker 


2331 


Naples . . • 


Wine Barille 


2544 


" • 


Stoop 


146 


« 




OaStajb 


1133 


Antwerp 


u 


194 


Oporto . 




Almude 


1655 


Bordeaux . . 


Barriqtiff 


14083 


Rome . 




Wine Barille 


2560 


Bremen . * 


Stubgens 


194-5 


u , 




OU « 


2240 


Canaries . • 


Arrobas 


949 


M 




BoccaU 


80 


Constantinople 


Almud 


819 


Russia. 




Weddraa 


752 


Copenhagen • 


Anker 


2355 


« 




Kunkas 


94 


ilorence . . 


Oil BariUe 


1946 


Scotland 




Pint 


103-6 


u , , 


Wine « 


2427 


Sicily 




OUCaffiri 


662 


France • • 


Litre 


61-07 


Spain . 




Azumbres 


22-6 


GeneTft . . 


Setier 


2760 


M 




Quartillos 


80-6 


1 Qenoa • • 


Wine Barille 


4580 


Sweden 




Eimer 


4794 


« ... 


Pinte 


90-5 


(( 




Kanna 


159-57 


Hamburg 


Stubgen 


221 


Trieste 




Orne 


4007 


Hanoyer * • 


« 


231 


Tripoli 




Mattari 


1376 


Hungary . 


Euner 


4474 


Tunis • 




Oil *• 


1157 


Leghorn • • 
Inshon . . . 


OU Barille 


1942 


Venice 




Secchio 


628 


Almude 


1040 


Vienna 




Eimer 


8452 


Malta . . . iCafiOri 


1270 


u 




Maas 


86-88 


FOREIGN DRY MEASURES COMPARED WITH AMERICAN. 


PUuxt. 


Meamres. 


CuJb.Jn, 


Places. " 


Measurei, 


Cub, In, 


Alexandria . 


Rebele 


9587 


Malta . . . 


Salme 


16930 


(( , 


Eislos 


10418 


MarseiUes . 


Charge 


9411 


Algiers . . 


Tarrie 


1219 


Milan . . . 


^oggi 


8444 


Amsterdam 


Mudde 


6596 


Naples . . 


Tomoli 


8122 


u , 


Sack 


4947 


Oporto . . 


Alquiere 


1051 


Antwerp . 


Viertel 


4705 


Persia . . 


Artaba 


4013 


Azores . . 


Alquiere 


731 


Poland . . 


Zorzeo 


8120 


Berlin . . 


Sehe£fel 


8180 


Riga . . . 


Loop 


8078 


Bremen . . 


« 


4339 


Rome ... 


Rubbio 


16904 


Candia . . 


Charge 


9288 


** . . • 


Quarti 


4226 


Constantinople 


Kislos 


2023 


Rotterdam . 


Sach 


6361 


Copenhagen 


Toende 


8489 


Russia . . 


Chetwert 


12448 


Corsica . . 


Stajo 


6014 


Sardinia . . 


Starelli 


2988 


Florence 


Btari 


1449 


Scotland . . 


Firlot 


2197 


Geneva . . 


Coupes 


4739 


Sicily . . . 


Salme gros 21014 1 


Genoa . . 


Idina 


7382 


« 


" genende 


16886 


Greece . . 


Medimni 


2390 


Smyrna . . 


Kislos 


2141 


Hamburg . 


Scheffel 


6426 


Spain . . . 


Catrize ' 


41269 


HanoTer . • 


Etfalter 


6868 


Sweden . 


Tunna 


8940 


Leghorn 


Stajo 


1501 


Trieste . . 


Stari 


4521 


" 


Saeoo 


4503 


Tripoli . . 


Caffiri 


19780 


lishon . . 


Alquiere 


817 


Timis . . . 


(( 


21856 


« . . Fanega 
Madeira. . Alqufere 


8268 


Venice . . 


Stajo 


4945 


684 


Vienna • . 


Metzen 


8758 


Malaga . . .Fanaga 


3783 








FRENCH 


MEASUI 


lES OF SOLIDITY. 


FRUfjH. 1 Cubic Foot 


• . 


. « 2093-470 U. S. faiches. 


Decistre 


. • 


» 3-6375 cubic feet 


Start (a cubic metre) 
Decastere . 


. • 


— 26-375 « 


• • 


« 353-75 « 


1 Stere 


• 


— 61074-664 cubic inches. 


for the Smart and ChMi Mto 
measure in Idble, page 72, and 

I ... 


(tur«s of 


other countries, take the length of the 


square 


r cube it as required. 
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FOKBIOR WmClBTS ASm KEASURB8. 



ENGLISH AND FRENCH MEASURES OP WEIGHT. 



British. 1 troy Grain = •003961 cubic inches 
1 troy Pound = 22-815689 cubic inches 

Fbbnoh. Old System.— 1 Qrain , . . = 
1 Gros . . . s= 
1 Ounce . • . = 
1 Livre . . . "^ 
Aew i^ysfwi.— Milligramme . . » 
Centigramme • . »s 
• Decigramme • • » 
Oramme • • • «= 
Decagramme • . f 
Hecatogramme . . = 
1 MiUier = 1000 Kflogrami 
1 Kilogramme . . = 
1 Pound avoirdupois • = 
1 Pound troy • 3= 



of distilled water. 

of water. 

= 0-8188 grains troy. 

a 68-9548 « 

a 1*0780 oz. aToirdnpoifl. 

1-0780 lbs. « 
a •01543 troy grainfl. 

-15433 «* 
1-54331 ** 
= 15-43316 « 
= 154-33159 « 
= 1543-3159 " 

DCS = 1 ton sea weight. 

2-204737 lbs. avoirdupois. 

0-4535685 Kilogramme 

0-3732223 « 



Note.— 7n the new French system, the values of the base of each measure^ t«., 
Metre, Litre, Stere, Are, and Gramme, are decreased or increased hy tbt foOmotng 
words prized to them. Thus, 



Milli expresses the 1000th part 

Centi « 100th « 

Deci « 10th « 

Deca ** 10 times the value. 



IHecato expresses 100 times Uie value. 
ChiUo " 1000 « 

Myrio « 1000 « 



FOREIGN WEIGHTS COMPARED WITH AMERICAN. 



Places, 


WeigTUs. 


Aleppo 


RottoU 




Oke 


Alexandria . 


Rottoli 


Algiers . . 




Amsterdam 


Pound 


Antwerp . . 




Barcelona . 




Batavia . . 


Catty 


Bengal . . 
Berlin . . 


Seer 
Pound 


Bologna . . 


tt 


Bremen . . 




Brunswick . 


i( 


Cairo . • 


RottoU 


Candia . . 


(( 


China . . 


Catty 


Constantinople 


Oke 


Copenhagen 


Pound 


Corsica . . 




Cyprus . . 


RottoU 


Damascus . 


** 


Florence 


Pound 


Geneva . . 


« (heav 


Genoa . . 


« « 


Uamburgh • 


u u 



NumJbtT 
equcdto 
100 avoir- 
dupois 
pounds. 
20-46 
35-80 

107- 
«4- 
91-8 
96-75 

112-6 
76-78 
53-57 
96.8 

125-3 
90-93 
97-14 

105. 
85-9 
75-45 
35-55 
90-80 

131-72 
19-07 
25-28 

133-56 
82-35 
92-86 
93-03 



PlMXt. 



Hanover 
Japan . 
Leghorn 
Lcipsio • 
Lyons . 
Madeira . 
Mocha • 
Morea . 
Naples . 
Rome . 
Rotterdam . 
Russia . 
Sicily . 
Smyrna . 
Sumatra . 
Sweden • 

Tankers 
Tripoli . 
Tunis . 
Venice . . 

Vienna . 
Warsaw . 



Weights. 



Pound 

Catty 

Pound 

(common) 

(silk) 

Maund 
Pound 
RottoU 
Pound 



Oke 

Catty 

Pound 

' (miner's) 
Rottoli. 

Pound (heavy) 
'' (Ught) 



Number 
equal to 
100 avoirs 

dupois 
pounds. 

93-20 

7G-92 
133-56 

97-14 

98-81 
143-20 

33-33 

90-79 

50-91 
133-69 

91-80 
110-86 
142-85 

36-51 

35-56 
106-67 
120-68 

94-27 

89-28 

90-09 

94-74 
150. 

8r' 
112-26 
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A NEW SYSTEM OF AEITHMETIO. 

Weights, Measiires and Coins. 

Our present Arithmetical system is very inconveniently arrai^^ed for 
the general requirements of mankind ; it causes an international dimculty 
and discordance in the adoption of a uniform system of Weights, Mea- 
sures and Coins. 

An International Assooiatioa for obtaining a uniform decimal tystem 
of Weights, Measures and Coins, has been in existence several years, but 
as yet, nas accomplished very little. They meet with the most natural 
and reasonable objections, namely, that the Arithmetical base 10 does 
not admit of binary divisions, as required in the shop and the market. 
In practice, we want our units divided into the most natural fractions, 
namely, quarters, eighths, sixteenths, &c., kc, for which the decimal 
system is not suitable. A most common fraction 1/8 expressed by decimals 
will be 0*126 ; if this number is shown to the majority of the people there 
will be comparatively few who understand the true meaning of it ; it 
will then be necessary to explain that the unit is divided into 1000 parts. 
of which 125 is 1/8 of the whole. The people will then surely remark that 
this is a roundabout way of doing things, and that they are not willing 
to cut up their things into, 1000 parts in order to get it into 8. Even 
among the educated classes and among the best arithmeticians, there will 
be few, if any who have it clearly located on the mind that 0'126 is 1/8 of 
1000, but it is very well known to be so, by practice in calculation. There- 
fi>re, our present arithmetical system is a great burden on the student, 
and very frequently exceeds the limits of the power of the human mind, 
beyond which solutions are performed mechanically, like a musician who 
plays the crank organ. 

The base ten has often been complained of, and more suitable numbers 
proposed. Charles the XII., of Sweden proposed the number twelve for 
the arithmetical base ; to use his own just expression that, " it is quite 
rediculous to use ten as the base for arithmetics, it can be divided once by 
two and then stops." It is not sufficient merely to propose or say that 
8, 12, or 16 would be better as a base, but in order to make a correct im- 
pression of its utility, it is necessary to enter into details with examples 
that any one may be able to see its advantages without taxing his own 
mind. The Author laid before the above mentioned International Associa- 
tion which met at Bradford in Yorkshire, on the 10th, 11th, and 12th of 
October, 1859, a new system of Arithmetics, Weights, Measures, and 
Coins, founded uniformly throughout on the number 16, as the base. 
This would become the most simple system to the mind, and it would 
embrace all requirements of the dinlBrent classes of mankind. 
In that system It Is proposed to add six new figiires, thus, 

12345678;}9yo'l9 8Sfl,0 

The new figures will appear strange at the first glance, but a little re- 
flection will soon convince one of their simplicity and utility. 

A complete description with numerous examples of this new system is 
now published by J. B. Lippincott & Co., Philadelphia. 

In one example it will be found that our present arithmetical system 
requires, four additions, seven multiplications, and one division, em- 
ploying in the calculation 216 figures ; while the new system requires 
only one multiplication and employs only 39 figures for the same solu- 
tion. John W. Nystmom. 

PhUaddpMat January, 1862. 
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By the Differential Calculus we ascertain the simultaneous progress 
of variable quantities depending on one another. The variable quanti- 
ties are designated by the last letters u, v, a?, y, s, and the constant 
quantities by the first, a, b, c, e, f, of the alphabet. The letter d is placed 
befor.e variables to denote the instantaneous progress of that quantity, 
&B Ar, and called the differential of x. d- reads differential. Let the side 
of a square be denoted by x and the area by z ; when x increases uni- 
formly, a will increase more rapidly. When x=l, 2?=1, but when x = 2, 
z = 4. Wheti we know the instantaneous increase of a;, what will be 
that of 27? If we add, say only a point to the side x. there will be added 
two lines or 20? to the square. We know that a = «*, the d' or increment 
of the square will he dz = 2xdx^o{ which dx is the point added to x and 
2 a? is the two lines added to the square, called the differential coefficient. 
Let V denote the volume of a cube, and x its side, we have v = a^ and 
dv = Sa^dXj which shows that if a point dx is added to x there will be 3a^ 
or three squares added to the cube. 

The d' 01 any power of a variable is equal to the power diminished by 
1, multiplied by the primitive exponent and the product by the d' of the 
variable. The d' of a constant is = o. When the constant is a factor to 
the variable it appear unchanged in the d' coefficient, but when a term 
it disappears. 

L The d' of length u of any li ne defi ned by a formula of rectangular 
co-ordinates x and y, is dt*=s ^da^-^dy^. II. The d' of area z of any 
plan figure bounded by a curved line and rectangular co-ordinates is 
dz — ydx, y = ordinate, a; = abscissa. III. The d* of solidity v of any 
figure bounded by a plan rotating round its abscissa a?, is aw = iry'cte, 
2/ = ordinate of the outer line of the plan. IV. The d- of surface z of 
any solid bounded by a i>lan rotating round its abscissa x^isdz = 2wy dt*, 
in which u = length of the outer edge of the plan. 

Successive d'8 is when the first d- coeff. is considered a function of a 
new function. 

du ldu\ cfH* 

uz=aa^. 1st. d' coeff. — =4aa?', 2nd. d* coeff. d(^l=— 3 = 12aa;«, 

fd^^u\ d^u 
3d. d' coeff. ^ ( ^ j = -^ = 2 4 a a;, etc.r etc. 

d^u means the second, d^u the third d* coefficient ot u, da? means the 
square of the d* of a?, etc. 

Example 1. The diameter of a sphere increases at a rate of dx = 2-31 
inches per second, when x= 95 inches, at what rate ((it;=?)doeB the 

volume V increase? v=^ = 0-623a;». d» = 0-623X3 a?» da? = 1 •669X2-31 

= 327-1 cubic inches, the answer. 

Example 2. It is found that the displacement of a ship increases as 
a;*-* the draft of water. At the load draft a = 18 feet the displacement is 
r^ 2000 tons. Required the displacement [i = X) when a? = 12 ft and how 
much idi. h can the vessel be loaded per dx — \ inch or 1-12 foot, at that 
draft. 

t « ?^ = !?1^^=: 1088-6 tons, at Of = 12 feet draft. 

The following page contains the differentials of formulas and trigo- 
nometrical functions. I means the Naperian logarithm. The common 
logarithm log. multiplied by 2-302585 gives the Naperian logarithm 2. 





Calculus DIAierentlal Formulas. 7t 


FORMULAS 


. DIFFERENTIALS. 


FORMULAS 


. DIFFERENTIALS. 


y=x 


dy^dx, 1 


O* 


*= a'ladx, 21 


y=asfl 


dy=2axdxt 2 


dl'X 


dx 

« — 22 

a; 


y=X* 


dy=ux'^-^dXi 3 


XI'X 


=> (l+Z-a:)da;, 28 


Zahafl 


» 9aha^dx^ 4 


I'X 

X* 


(1-Za:)dar. „ 






X 


„ (Z-a^-r^ 25 


Aalflas* 


«■ ^naV^xi»-^dXi 6 









I'X 


(Z-a;)« 


a+a!» 


— Za^dxy 6 


ay 


ayxdx—ax^dy ^^ 
26 






^x^^ 


V^Ca^Mi/")' 


ia+b)u^ 


= 2a;(«+6)(to, 7 


ar-2bx 


ea 27 






iar^bx)^ 


(^to)» 


6ab*a^^c 


= ISaft^aj^fte, 8 


\/x=x^ 


da? 


aj-j-S*"— c 


= dx-j-Bzdz—dv, 9 


(a x-\-a^)'> =z n(a a;-Hc»)»-i(a-f-2 x)dx 29 


to»-Haa^-.3a!=(l8a^4-8 ax-3)dx,lO 




„ /^^^ 30 


x/a^-i-baf^ 


-v/aH^aJ* 


xtl* 


= t;da;-|-2a?«<iv, 11 


d'^ax') 


- eaxda^, 81 


xvz = 


--(f+f+f)- 


d^ax*) 


=» eacfo*, 82 


x{aP—xl^) 


= (335'— 6'^ a;) da;, 13 


d*iao^) 


= obax^^dx*=Oj 33 


X* 


2 a? t> dx—x'* dv 






V 


v' 


sin.-B 


=+co8.t;dv, 84 


a 


ada; 






X 


^ *" 


cas.v 


-» — Bin.vdt;, 36 


a 


naay^-ida; 




dv 


X* 


•^^ ^ ^« 


taii.v 


^ COS.*© 


{n^Vxf 


_ 3ia+y^)^dx „ 


cot* V 


« - ^* 37 




2^^ 




8ln.«t; ^ 


(a+v^r)i* = 


1 1 
mia+i/xy'^K'' dx. 


sec.c 


cos.vd© 

" "*" C0S.3© 


1 


dx 
(a— 3:)'H-i ** 

2«^- 20 




cos.vd© ^ 
= — —, o 39 
sin.* ©. 


* 


cosec. V 
Tant.forany 


curve <-y^l+^^ 40 


^^/aoa:— *« 



The Integral Calculus is the reverse of the Differential, or to fia$ 
the orii?lnal formula of a given diiTerential. The symbol /is placed be- 
fore tiie d' to denote that the integral is to be taken out of it, or that the 
original formula is to be found. 

The d* of air'=3aa!»da7, and/3aa?daj=3 — ^aafi. 

Rule to find the integral. Add 1 to the exponent of the variable x in 
the d-, divide the d' by the new exponent, dx will disappear, and the 



quotient is the integral. The integral / does not effect a constant. A 
constant term in a formula disappears in its d*, consequently any inte- 
gral may have a constant term, whose value is determined by making 



the variable in the integral = o, when the first member in the formula 
will be a constant. It is therefore customary to add a constant C to the 
integral. When it is known that the first member is = o at the same 
time the variable in the /is =^ o, then C= o. When a differential is to 
be integrated between two limits of the invariable, say Xz=a &ndx = b, 
it is indicated by/^ or /"a c a? da? = c{b^—a^), 

m » 

Successive differentials are accompanied with the same order of inte- 
grals, AS Jf 6 X dofl -^ f3 n^ dx = x^. 

The integrals of the differentials gives the formula for the problem. 

Example 3. It is required to find by the calculus a formula for the 
area z of a. righ tangled triangle. Proposition II, page 78. dz = ydXj the 

formula for the hypothenuse is y =aa?, dz=axdXj s=faxdx= ^-^^ 
or the area z is half the rectangle of the sides x and y. 

Example 4. Find a formula for the convex surface « of a cone, whose 
side is m, and r = radius of the base? Prop. IV, page 78. dz = 2 tt r dw, 
and z =f2irr du = TTru^ the answer. 

Example 6. Find a formula for the area ar of a circle, when it is known 
thatthecircumferencey = 27ra?1 Prop. II, page 78. d5r = wda?=2»ra?da?, 
and z —f 2 TT X dx ^ IT 1^ the answer, x = radius of the circle. 

Example 6. Find a formula for the area z of a. parabola of a? = abscissa 
or height, and y = ordinate, or half the base 1 Formula for a parabola 

y = v^aT, in which p = the constant parametric diameter, or p = — 

^^yl,dx^ly^l'TropAl,dz^ydx=^y^^Anaz = fl^L^J'/L 
p' p vjy p J p 3p 

-^-^, the answer, or the area of a parabola is % of the base by the height. 

Example 7. Find a formula for the volume v of a paraboloid 1 Prop. 

III. d„=.j^fo= ^»J^,ana»=A*-^'!l^ = -^.butp = ?^\na« = 
* p J p 2p X 

— y' X, the answer. 

V. The center of gravity s from the origin of a?, of any plan figure 

/x y dx 
bounded by a curved line and rectangular co-ordinates is < = — ' 

when z area of the plan. 

VI. The center of gravity « from the origin of x of any solid figure is 

8== » when »= ordinate cross section and v volume of the same. 

V 

Example 8. Find a formula for the centre of gravity (« = tj of a cone. 
The ordinate cross-section a? = jry', and v =» ~y' x, when x = height and 

y radius of the base of the cone. Prop. VI. i = J^^^ ^ILJL^AJ^ 

V -rry^X 

As the center of gravity is not influenced by the proportion of x and y, ' 

, . Zfiroc^ dx 3 n- a?* 

we can make y = a;, when s = -^i-— ^- .^x ^, from the top. 

ir X* 4 jr ar 



Calculus luteg^ral Formulas. 



DIFFSBENTIALS. INTEGRALS. DIFFERENTIALS. INTEGRALS. 



/dx=:x-\-c fxdx=--.—-{-Ct 1 

flaa^dx=Aafis*dx=: aa!*-^Cf 2 






/yaTSx/x^dx 



2« 



IX 



3-+C, 4 
yx *^ 

f( aa^'\-—)dx=^^byi-^C,9 



(to 

» 
JZmafldx — m&'— ma', 



w^ 



fmxdx «= _(&iuhi«), 23 

■ 2 



/: 



^ dx 



-^. 24 

2a* '^ 



"2' 



a » a 
/=/+/ 26 

• • A 

- COB.rc-f C, 27 



10 

= 6Z-(fl+aj)4-C, 11 

= l'{Ih\-ax^H-Cy 12 
/aa?da;4-3a;'cto-6»da; = ^^^-69a^f C, 



/ 



rbdx 
•3 a a;'^ do; 



sin.o; 



= rtan.-^ + C, 31 



ix-{-3x^cU 



aKa'+^'H-C, 14 
/B(« a?— 0^)2(0— 2af>te =(ax—xy-\-Cj 

fia-\-bx'dx = —6(>/o-|-6a;)»+C, 20 



/s^S -^t.n.(|+f)+..3. 
/siii.a;co8.a;<to= —sin». aj+C, 33 

00 ' 

/siii.6a; , w ., 

oos.&a; 



ft a 

/sin.a^cto an — 

/COB. xdx = 8in.a;+C, 28 

ftBja.xdx = — /• C0B.a^^-C, 29 

fcot.xdx « -— Z* 8in.a4-C, 80 



do; -I 



QO, 36 



/' di 
■—5-= circle arc of which fc=tant. 

y* die 
— ::=^:n:i = circle arc of which 
V^2a? — a;* a? = sin. versus. 37 

ffJ'6ada^=ffSaxda^=f3aa/*dx=Mi^-j-C 

X^2((^4-6)da.«= (o+6)»'4-C, 39 

/f2 v" d<tJ«-f 8 u a? d« dtH-2 a!«di;»=« «»,40 



D Maxima and Mluln&a. 



Two variable quantities so and y depended on one another, to find the 
value of one, when the other is a maxima or minima. 

f dx 
r is a maxima or minima when its 



3 1 dy~~ 

( first differential coefficient j dy 



L dx 
d!hi 
When the second d- coef. — is positive, y ie a minimum, and when 

negative 2^ is a maximum. The variables may have both maximums and 
minimums, as formulas will indicate. 

Example 1. Find the value of x when yi^B. maximum or minimum, in 
the formula y = a!»-- 12 a: -f- 221 dy = {Z a?— 12) dx^ ^=3a^— 12 = o. 

Of which X = V-^*-=s2 the answer. —• = 6a?, which is positive, conse- 
quently y = 2*— 12 X 2 + 22 = 6, a minimum, when « = 2. 

Example 2. It is required to cut out the strongest possible beam of 
height h and breadth 6, from a log of diameter D, fig. 221 page 174? The 
strength of a beam is in proportion to bh^ which is to be a maximum. 

U^^b-^^h?, K'=I)''^b\ bh:'^b{D^—h^), d{bh^) = {iy-3b'*)db. 

1^-^=1)3— 3 6'=o, of which the breadth b=-D}^Jf=0 6'n D, and height 
A= v/iy>-^ = D V^O-6666 =0-8164 D, the answer. The second d' coef. 
— ^-— - =— 6&, which is negative, and therefore bh^ Ib s. maximum 
when6=0*6T7I>. 

Example 3. It is required to know the proportion of heighth h and 
diameter D of a cylinder, having the greatest cubic containt v, with the 

smallest surface 'z including top and bottom ? z= — -f- tt D h=j- + tt D A, 

2 

which is to be a minimum. Set »=1 and r=l, then z=-^-\-irh, and 

/ 4 \ dz 4 /IT 

dx=l'ir—'j-^)dh, Tr=7r— ^, = 0, whenA= /— =1-1284 D, the answer. 

The second d- coef. ^j^ = + -^ which is positive, and z a minimum when 
ft = 1-1284 P. 

Maclanrln's Tlicorem. 

Madaurin^s Theorem^ explains how to develop into a series a function 
with one variable, as 

, , , X /du\ . x'*/d?u\ , .T» /d?u\ , X* /<^«\^x« 
'*=(~> + tU)+ 2 W)+2X3WA"+2X3>r:ii(^^ ^*°- 
where the factors in the parenthesis is that which it assumes when 0=0. 

The function u — — r — developed into a series will be 
a-{-x 

_l- = l-^+^-^'...-^. etc. 
a-\-x a a^^d^ a* o»+a 

Taylor's Tlicorem. 

Taylor^s Theorem^ explains how to develop into a series a function of 
the sum or difference of two variable as « = adly. 

■"^ ^^ dx^^dafl 2 da?" 2X3^ rfa?. 2X3...X» 

where u represents the value of the function when y = 0. 



Interpolation* 



Interpolation is to insert numerical values between given datas, for 
constructing tables or empirical formulas expressing the probable rela- ^ 
tive variation of quantities. Let x and y be two variable quantities de- 
pending on one another and measured in simultaneous stages of their i 
progress, as 

Xi iCi oOt x^ and x^ 
yi y% Vz y« and y. 



We have y = -4yi+5ya+C^y»+i>y4+^y6+&c. 



3 3 4 5 given 

V V V Vdatas. 

A_ Jp^ — ^) («^— •^) [^ — ^a) [x—X^) I 

(ai— »a) (a?i— a?3) {xr-^x^ («!—««) ', 

^ A^ — ^) (a?— g?3) jx — x,) [x — x,) \ 
^ {ic^—Xi) (c»a— aja) (av— asO (a?ii— a?^) . 

^ 2> 1 I I • 

ro (ic — 0^) (sc — (Ca) (a; — a;^) (a; — a;6) • 

g ""(a^— aji) (jc,~a?.J (a?3— a;,) (cc,— a;,) | 

•Sb3> ------- --J ' . 

^ y^^ (a? — a;i) (a; — og^) (a;— a^) (a?— a?,) , 

""(a;^— a^) {Xi-^x) (a;^-— a:,) (a;4— aj^) . 



-2 *> 



S [x — Xx) {x—x.,) {x^Qlk) (X-'X^ • 

525 "K— ^1) (a?6— a?a) (a;^— a?,) (aj^— a?^) * 

6> -^ 

The values of the coefficients Ay B, C, P, and B, With their given data*) 
inserted in formula 1 gives an empirical formula for the variation of x 
and y. The number of observations or given datas of x and y should be 
one more than the order of progression. In arithmetical progression 
two observations are sufhcient for a correct formula. For all curves in 
the conic sections, or others which are of the second order, there should 
be at least three observations. Pressure of steam progresses with the 
temperature in the 6th order, for which requires seven observations to 
make a correct formula. When the order of progression is not known, 
the more observations gives the most correct result. 

Example, Let y represent the boiling-))oint of salt water and x the 
percentage of salt in solution. It is found in three experiments, 

thata;i=8, ^83=18, «3=36 per cent. salt. 

when yi=E218-2 ya=219^, ya=226^ boiling-point. 

Find a formula that will give any intermediate value of x and y t 

ipp--18)(^— 36) (*~?y^^r:??L c=i (a?— 3)(a?--482^ 

~(3— 18; (3—36)* " (T8^3)(18-36)' ^ (36^)136-18)* 

y=213'2 iI-f-219 B-H«6 C. y=0-4«+212 



Si Gkohstbt. 

GEOMETRY. 

DEFINITIONS. 

Demonstration is a course of reasoning by which a trath is established. It 
ounsists o^ 

TliexU, the truth to be established, and, 

HypothesM, the foundation for the demonstration. 

Axurm is that which is self-eyident and reqtiires no demonstration. 

Theorem is something to be proved by demonstration. 

JPbstidaU is something to be doMj but is self evident and requires no demon* 
itration. 

I*roblem is something proposed to be (fone, and requires demonstration. 

PropositUm is either a Theorem or a Problem. 

OoroUtry is an obvious conseqence deduced from something that baa gone 
before. 

Scolium is a remark on preceding propositions, commonly demonstrated liy 
algebraical formulae. 

Lemma is something premised for a following demonstration. 

Geometrical Q,iiantitie«* 

JPoiiU is a position, but no magnitude. 

A Line is length, without breadth or thickness. 

A J^cUght Line ia the shortest distance between two points. 

Ourved line is a length which in every point changes its direction. 

Superficm, Swfaoe, Area, is that which has length and breadth, bat n» 
thickness. 

PUme surface is a plane which coincides with a straight line in every direi 
tion. 

Curved surface is a plane which coincides with a curved line. 

Solid has length, breadth and thickness. 

Circle* 

CHrdt, Cirumfarenoey Periphery y is a curved line drawn on a plane Bur£&ce, anA 
i)ounded at a common distance from one point in the plane, (centre.) 

Radxus is a Une* drawn firom the centre in a circle to the periphery. 

Diameter is aline drawn through the centre to the periphery, or the longest 
line in a circle. 

Chord is any Ime extending its both ends to the periphery of a circle, and doei« 
not go through me centre. 

Arc is a part of a periphery. 

Circle piane, is a plane surface bounded within a circumference. 

Sector is a part of a circle-plane bounded witliin an arc and two radii. 

Segment is a part of a circle plane bounded within a chord and an arc 

Zone is a part of a circle included between two parallel chords. 

Lune is the space between the intersecting axes of two eccentric circles. 

Oval ia a round figure having one long and one short diameter at right angles 
bo one another. 

Semicircle is a half circle. 

Quadrant is a quarter of a circle. 

Angles* 

Angle is the opening or inclination of two lines which meet in one point. 
If two radii being drawn from the extremities of a circle arc, to me centn; 
ihe arc, is a measure of the an^le at the centre. 
RiglU angle is when the opening is a quarter of a drde. 
Acute angle is less than a right angle. 
Obtuse angle is greater than a right angle. 

* Line by itself means a straight lino. 




Triangles* 

Triangle is a figure of three sideg. 
EquOaUral Triangle has all its sides equal. 
Jbotcdu Triangle has two of its sides equaL 
Scalene Triangle has all its sides unequaL 
Righirangled triangle has one right angle. 
OUmt<inglei triangUy has one ohtuse angle. 
AcUti^angUd trian^e has all its angles acute. 



<^itadraiiglef« 

(Quadrangle is a figore of Ibnr sides. 

Fiiralidogram haying its opposite sides paraUel, and the opposite ani^e 
•qnaL 

Square, haying its four sides equal, and four right angles. 

Rectangle, having its opposite sides eqnal, and four right angles. 

Rhombus, haring four equal sides, and opposite angles equal hut not right 

Rhomboid, same as a parallelogram. ^ 

Trapezium, haying four unequal sides. 

Trapezoid, haying only two opposite sides parallel. 

Chumum is the space included between the lines forming two simQar parallel 
ograms, of which the smaller is inscribed in the larger, so as to haye one com 
mon angle. 

Polygons* 

PnlygoM are plane and rightlined figures. 

Regular Polygons are plane figures which inscribe, or ciroumaeribe a circle 
^nd their sides being equaL Polygons are named according to their number o 
sides, thus, 



Trtgon has three 
Tebragon " four 
rtaniagon ** flye 
Hexagon *^ six 
Heptagon " seven 



sides. 



Odagon 

Nonagon 

Decagon 

Undecagon 

Dodecagon 



has eight 
" nine 
« ten 
" eleven 
" twelve 



sides. 



fcfr properties of Polygons see page 103. 
SoUds* 

JSbhere is a solid bounded within a half circle rotating round its diameter. 

/^)herioal segment, (zone) is a part of a s] there cut off by a plane. 

Spheroid is a sphere flatted or longed at tia u opposite sides ; as our earth Ii 
flatted at the poles, and having one diameter shortest; an egg is longed, anc 
having one diameter longest. 

Spindle is a solid bounded within a curved line rotating round its base. 

(^Knder is a solid bounded within a rectangle rotating round one of its sides 
(axis.) A cylinder has a circle plane to its base. 

(^ne is bounded within a right^mgled triangle rotating round one of its sidet 
that forms the right angle. 

Ungula is the bottom part of a Cone or Cylinder, cut off by a plane passing ob 
liqueiy through the base. 

Cube is bounded within six squares. 

ParaUelopiped is bounded within six parallelograms. 

Prtnn is a solid described by a rightlined plane moving in a straight line, ac 
that the plane forms an angle to its direction line. 

Prismoid is a prism cut obliquel> at the ends. 

Pjframid is bounded between a rightlined plane, and one point at a distanot 
from the plane. The sides of the rii^htliued plane, are bases of triangles deter 
minating at the f^oresaid point, (vertex.) 

JPsrimeier is the sum of all the sides in a figure, plane or solid. 

Polyhedrons. See page d6, for properties and names of the five regular poly- 
hedrons. 
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Constructions. 






87. 

To construot an ellipse. 

With o as a centre, draw two concentric 
circles with diameters equal to the long and 
short axes of the desired ellipse. Draw l!rom 
any number of radii, Ay B, &c. Draw the 
line B b' parallel to n and b b' parallel to m, 
then b' Is a point in the desired ellipse. 



38. To draw an ellipae mtk a string. 

Having given the two axes, set off ftom e 
half the great axis at a and b, which are the 
two focuses in the ellipse. Take an endless 
string as long as the three sides in the triangle 
a, 5, c, fix two pins or nails in the focuses one 
in a, and one in 6, lay the string round a, and 
by stretch it with a pencil d, which then will 
describe the desired ellipse. 



39. 

To draw an ellipse by circle arcs. .^ 

Divide the long axis into three equal parlto, 
draw the two circles and where they intersefti 
one another are the centres for the tangent 
arcs of the ellipse as shown by the figure. 





40. To draw an ellipse by circle arcs. 

Given the two axes, set off the short axis 
from A to by divide b B into three equal parts, 
set off two of these parts from o towards c 
and c which are the centres for the ends of 
the ellipse. Make equilateral triangles on c 
Cy when e e will be the centres for the sides of 
the ellipse. If the long axis is more than 
twice the short one, this construction will not 
make a good ellipse. 
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To construct an ellipse. 

Given the two axes, set off half the long axis 
from c to//*, which will be the two focuses in 
the ellipse. Divide the long axis into any num- 
ber of parts, say a to be a division point. Take 
A a a.B radius and / as centre and describe a 
circle arc about by take a £ as radius and/ as 
centre describe another circle arc about 5, then 
the intersection 6 is a point in the ellipse, and 
so the whole ellipse can be constructed. 

42. 

To draw an ellipse that will tangent two 
parallel lines in A and B. 

©raw a semicircle on A B. draw ordinates 
in the circle at right angle to A By the corre- 
sponding and equal ordinates for the ellipse 
to be drawn parallel to the lines, and thus the 
elliptic curve is obtained as shown by the 
figure. 




Ck)2fSTBVCTIOH8. 8 

43. To construct a cycloid. 

The circumference C=3*14 D. Divide the 
rolling circle and base line C into a number 
of equal parts, draw through the division 
point the ordinates and abscissas, make a a' 
=1' d, 6 6'= 2' c, c c'=B'ff then a' b' and & are 
points in the cycloid. In the Epicycloid and 
Hyvocycloid the abscissas are circles and the 
ordinates are radii to one common centre. 




EvoltUe of a circle. 



44. 



Giren the pitch p, the angle v, and radius r. 
Divide the angle v into a number of equal 
parts, draw the radii and tangents for each 
part, divide the pitch » into an equal number 
of equal parts, then the first tangent will be 
one part, second two- parts, third thre© parts, 
&o., and so the EvoltUe is traced. 




45. To construct a spiral with compasses 
and four centres. 

Given Hie pitch of the spiral, construct a 
square about the centre, with the four sides 
together equal to the pitch. Prolong the 
sides in one direction as shown by the figure, 
the comers are the centres for each are of the 
extemsd angles. 



A 


/ 


a 


7? 




^ 


^ 


^!> 


/ 


9C 






^ 








46. To construct a Parabola, 

Given the vertex A. axis x, and a point P. 
Draw AB &t right angle to a;, and B P parallel 
to Wf divide A B and B P into an equal num- 
ber of equal parts. From the vertex A draw 
lines to the divisions on B P, from the divi^ 
sions onA B draw the ordinates parallel to or, 
the corresponding intersections are points in 
the parcMa. 





47. To construct a Parabola, 

Given the axis of ordinate B, and vertex A, 
Take A &8 & centre and describe a semicircle 
from B which gives the focus of the parabola at 
/. Draw any ordinate y at right angle to the 
abscissa A or, take a as radius and the focus/ 
as a centre, then intersect the ordinate y, by 
a circle-arc in P which will be a point in the 
parabola. In the same manner the whole 
Parabola is constructed. 

48. 1 

To draw an arithmetic spiral. 
Given the pitch p and angle v, divide them 
into an equal number of equal parts say 6. ! 
make 01=0 1, 2=^02, 03=0 3, 4=04, 06^06, 
and 06— the pitch py then join the points 1, 2, , 
3, 4, 6, and 6| which will lorm the spiral re- 
quired. 



Orolb. 



CIRCLE. 



TnB periphery of a circle is diyided into 860° (degrees) equal parts, each called 
a degree. 
One degree «» W (minutes.) 
One minute =■ W' (seconds.) 
Half a circle (hemisphere) « 180°. 
Quarter of a circle (quadrant) s^ WP, 

Uj the accompanying formula any part of the drde can he ealeulated. 
Formula for tl&e Circle* 



jp » 2»r «■ 6-28r, - • 



— \/F- 

a» 6*28 



•2, 
4» 



W28i/^ 



a*m,ri*wm 8*14rs« 
12-66' 



0*664y^ • • . 7, 



4«- 



a T* 

«-!|?-1.67«l, 



12. 



ntr, 8«14159265858g7932884e2643388279502884197109399375105820974944692S078 

.^^ 

4 



%t » e-assisssoTioooo. 

3«- » 942477796070000. 

49r »> 12*666870ei4SOOO. 

Sir » 15-7079632679000. 

^ — 18-8496569215000. 

?«- s» 21-9911485751000. 

8«- r» 25-1327412887000. 

Os- » 28-2748338823000. 

i«r a 1-57079632679000. 

i* a 0-78539816339700. 

fr s. 1-04719755119600. 
%yr » 0-52359877559800. 
i^T « 0-39269908160800. 
J^» . 0-26179938779900. 
^sr «. 0-00872867621060. 

1 » 0-31880988618870. 

ir 

' 0-0-63661977236740. 



r a* radius of the cirde. 
dsa diameter. 
j» a X>eriphery. 



8 



> 1-27823954478480. 
a 0-95492965855U0. 



- a 1-00965931710220. 

ir 

^ » 8-81971863420440. 

■r 

— -114-591669026122. 

IT 

,1^ wm 9-86965000000000. 
^-1-77246800000000. 

^-0-66418900000000. 

ir 

4- -0<)796774716460a 
49- 

LettendeMUj 

— chord of a segment, length o£ 

A — height of a segment. 

t — side of a regular polygon. 

V a centre angle. 

to a polygon angle. 



a — area of a circle, or part thereoll 

h a circle-are, length o£ 

49*Be careful to express all the dimensions hy the same unit,a8 miles, todSy 
yards, feet, or inches, Ac, Ac., or else the calculation will he wrong. 

Example \. Fig. 40. The diameter cf a circle is 8 feet, 8 inches, hov long la the 
circumference t 

Foimula 1. j9 a «rd — 8*14X8-666 a 27*211 feet, the answer. 



LONGIMEXBT. 
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The periphery of a Circle is commonl j expressed 
by the Qrwk letter v = 3*14 when the diameter 
d = 1 or the unit. For any other yalue of the di- 
ameter d, we will denote the periphery by the let- 
ter j», r aa radius, anda ^^ area of the circle. The 
periphery of a circle is equal to 3 h times its diam- 
eter, c = chord. ** 



50. 




5 = 



TtTV 



.0-0175n?, 



180 

TCr r 



51. 




w-180 — -J, 

«- 2(180** — w). 



52. 







V-P^')" 



' a+5+t 




IiONGIMBTBY. 







D^B+C, il' + 5' + C = 180°, 
B'-D-C, A+B+C7-180°, 
A' "A, JB' - F. 



57. 



il + J5 + C « 180^ 




58. 



£+C-A + D- 180°, 
/> - B + c, 
^ - il + B. 



59. 



ab 



a^ 



ab 



(a + 5)«-fl*+2ii* + i'. 






{cu^y 



/\ 



60. 



(a-^)*-a»-2aJ + &\ 



LONGIMBTBT. 






^ 



*• 



61. 



(a + *)(a-*)-iji-.Jp. 



62. 








63. 




64. 



aihm^eid, 
ad • he. 



C-i y/tSi 




65. 



ii:B-«:^ 



66. 








LONOIMETRT. 




67. 





68. 



69. 



70. 




71. 



J« - c* - 1^. 



c* - a* +i* - 2bd, 
A- ^a* - rf*. 

^ 25 



c« - a* - *• 
<i- »i • 



a : & » A : e» 
ac ad 
— T^ c * 

b a 



a: C'^d: [b^d)^ 

C + II 



d-. 




72. 



aiC'^btdf 
ad'^be. 



L0N6IM£TBY. 




73. 







74. 






75. 







76. 








77. 







78. 



s/^ 



d'. 



V ?r» rf* + P. 



LONGmSTRT. 




79. To find the length of a SffiraL 



l^nm* 



nr% 



Ttr P 



P-^-1. p-Fm. 




^- To find the length of a SpirdL 
/ - ?r 7i ( U + r), 



/--(/js.^). 



81. 




Periphery of an EUipie^ 



J>-2\^2>*+l-4674<2». 




82. 



To construct a screw Hdts. 




83. To square a Circumference. 

R » 0-556355 d ^ 1-1127 r - O-TOTI S. 
S - 0-785398 d - 1-57079 r - 1-4142 JL 




(^ = 


= 1-27322 5- 


1-79740 R 


-2r. 


84. 


To jyuare 


a Cirdeplane, 


12 = 


- 0-650744 rf - 


« 1-30148 r = 


^0-70715. 


S- 


• 0-886^ rf- 1-77245 r - 


• 1-4142 1?. 


d" 


.1-128315- 


1-5367 iJ- 


2r. 



Polyhedrons. 




86. Tetrahedron, 

r « 0-20413 8. 
iJ = 0-60725 8. 
a - 1-73205 s». 
c = 0-11785 s». 




86. 



Hexahedron, 

r = 0-50000 8. 
J2 = 0-86602 8. 
a » 6-00000 8«. 
c« 1-00000 s». 




87. Octahedron, 

r = 0-40721 8. 
22 = 0-71710 8. 
a = 3-46410 8». 
c = 0-47140 s» 




88. Dodecahedron, 

r =.1-11350 8. 
12 ==1-36428 8. 
a = 20-5457 8«. 
c« 7-66312 8». 




Icosahedron, 

r = 0-7558 8. 

J2= 0-9510 8. 
a « 8-66025 8*. 
c- 2-18169 8'. 



r =a Radius of an inscribed Sphere. 
R = Radius of circumscribed Sphere. 
a = Area of the Polyhedrons. 
C =« Cubic contents of the Polyhedrons. 
8 = Side or edge of the Polyhedrons. 



w 



I 



Flakbhktot. 
90. Square* 

a = s« = 4J*, 
a = 0-7071d* -= 2 



91. 




Rectajigle. 



92. 







-i\/^^^^lf^"- 




Triangle, 



a- 4&A, 



^ h / ^ c« - fl» - » y 




Quadrangle. 



a » i^(a + ^). 




05. Quadrangle, 



a=4(a[A+A'l + ^^' + cA). 





FlANEMEmr. 

96. Circle Plane. 

a -^rr*- 0-785 rf*, 
a -|^= 0.0794 P«.. 



»r 



97. Circle Ring. 

a = ?r(i2» - r») =• n{R + r){R-r), 
a=0-785(2>«-(f»). 




98. Sector. 



a = iJr, 

ytr^ v rat? 




a=H^r-c(r-A)], 
_ ^r*ti c, ,^ 




100. Quadrant. 



a « 0-785 r'* « 0-3916 c«. 




101. 



a = 0-215 r»- 0-1075 «•. 



98 



Plarevetbt. 




102. 



Ellipse. 



a = 7r iir- 0-785 D</. 





f — ---^ 





^ 



Km 



104. Irregular Figure. 



a-^(A + A' + yi"). 



105. 



Ellipsoid. 



a = 8'88r s/ R" 4-r*, 



a = 2-22d ^/D^^d*. 



106. 



Cylinder, 

B. = 2nrh = ndh, 

a a 



A = 



2^r ?« d 



The road to Bztremity of Spaee* 

1st. Draw a Circle and inscribe a Square, and in 

that Square a Circle, Ac, &c^ &c The last 

figure that can be drawn, is one extremity of 6pac« 
Required if the last one is a Circle or a Square? 

2ua. Draw a Circle and circumscribe a Square, 

and around that Square a Circle, &c., &c^ Ac 

The last one that can be circumscribed is the other 
•ztremitj of space. Required if the last figure is 
a Circle or a Square ? 




Surface of Solids. 

'107. 
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Sphere, 



a = 4 ;rr* = 12-66 r* =nd^. 





108. Fonts. 

a«4«*l?r = 39-44 Rr, 
a = 9-86 D d. 



109. 



Sphere Sector. 



a=-^4A + c). 




110 



Circle Zone. 



a-2;rrA=5(«' + ^')- 



A , 




111. Cone. 

st'^nRsy 
a==nR VB^ + h\ 




X=' 



dh 



Cone, 



D-d 






180D 180(P -d) . 
iK s 








113. Sphere. 

C-^|^= 4-189 r», 
C-^-0-523rf«. 





114. Forus, 

C = 2i^«i2r'»«19-72ier», 
C =2-463 D d\ 



115. Sphere Sector, 

c = |;rr'A=- 2-0944 r» A, 



C = i;r r'(r+ V^*-ic')' 



116. Zone. 

C-=ffA*(r-4A), 




117. 



Cone. 



C = '^J^«l-046r'/i, 



C = 0-2616 d' A. 




118. Conzc Frustum, 




SrSBSOMsniT. 
119. Cylinder. 

C = jnfr» A = 0.785 d^ k, 

e=^^=00796©'A. 
4^ „ .„• 



^ R 





< r > 



120. *^/- •/•; *^M'psoid. '-" * 
c = 0053 n* Dd* = 0-5231 D d^. 



121, Paraboloid. 




122. Pyramid. 



«-"-r-\/--f- 





123. Pyramidic Frustum, 



c==-5(A + a + VAa). 



124. Wied^g Frustum. 



Sterbomrtbt. 




125. Cash 

c = 1-0453 Z(0'4 i)H 0-2 D d + 0'15rf*), 

Gdlm = 2^(42)' + 2 jDrf + 1-5 ii»). 



Ifi6: ^ -. Cylinder Sections. 
C = TT r»(/ + r) - 2-1 r». 



127. Circular Spindle, 



Example 1. Fig. 92. The base of a Triangle is 5 =b 8 feet, -3 inches, and tbe 
height, /i = 5 feet, 6 inches. What is the area a = 7 

^^6^^ 8'25X5-5 ^22-6875 sqnarefeet 

Example 2. Fig. 98. A Circle Sector haying an angle » = 39° and the radiiM 
r = 67i inches. What is the area of the sector a = ? 
^ nr^v _ 3-J4 X 67-75* X 39 ° 
* .360 360 



= 1562*1 square feet. 



Example, 3. Fig. 110. A Spherical Zone having its diameter c = 18^ inclxei 
and height A = 7 J inches. What is the convex surface of the Zone ? 

a=2^c» + Aa)=~i (l8-5« + 7-75>) = 315-96 square inches. 

ExampU 4. Fig. 88. Require the radius £ of a Sphere that will circumscribe 
a Dodecahedron with the side * = 9 inches. 

R = 1-36428 X 9 = 1227852 inches, the answer. 

Exam^ 5. Fig. 118. A Frustrum of a Cone having its bottom diameter 2> «= 18 
Inches, the top diameter d = b^ inches, and the height 7i = 25 inches. What is 
the cubic contents o =» ! 

e^ j'^n Ji{d^ + Z? d + d«)=" 0-2618 X 25 (l3» + 13 X 6*26 + 6-25«)= 20095 
cubic inches. 

Example 6. Fig. 125. A Cask having its bung diameter Z> = 36 Inchefl, head 
diameter d = 28 Inches, and length I = 56 inches, (inside measurement) hovr 
many gallons of liquid can be contained in the cask 7 (The gallon = 231 cttb. II.) 

Gallon = j^^(4 X 30« + 2 X 36 X 28 + 1-5 X 28«)= 214 gallons. 



;.— Tablb of Poltoons. 



la 



Exampli 7. Fig. 50. Require the length of the drde-Aic b, when the angle 
« » 42P, and the radius r = 4 feet, 3 inches f 

.jrrv_ 3'14X4-25X42 __ 

Example 8. Fig. 52. Require the radlua of a drcle-aro, whose chord is 9 feet, 
4 inches, and height, h = l foot, 8 inches? 



c^+4hi 



9-38«-f4Xl-6ft* 
8X1-66 



98-0711 



« 7*384 feet 



8A 8X1-66 13-28 

Example 9. Fig. 68. The three sides in a triangle heing, a » 6*42, b « 7*76, 
and c = 8*66 feet. How high is the triangle over the base 2>7 
a«+6«— c« C-42H7-75' — 8*66« 



<l=^ 



: 1*5176 feet, 



~ 2X8*6« 

the height h ^= ya^ — df = |/6.42*— 1-5175« = 6*24 feet, the answer. 

Example 10. Fig. 77. The radius of a walking beam is, r = 8*36 feet, the stroke 



S — 5'5 feet. IIow much is the vibration V=l 
V 



Vibraium, r=» r — a /r«— ^ = 8*36— 4 /8*36» —^ 
s=0'471 feet = 5*65 inches = 5'^, the answer. 



TABI4B OF POIiTGONS* 




Arm 


Apotem , 


-*S«. 


-»JI.| 


(1^ 


f 


^V 


v^ 


\\ 


<iy 


0*4330 


C-5000 


1*0000 


0*7071 


1-7205 


0*8090 


2*5980 


0*8660 


3-G339 


0*9009 


4*8284 


0*9238 


6*1820 


0*9396 


7-6942 


0*9510 


9*3656 


0*9595 


11*196 


0*9659 


16*334 


0*9762 


17*642 


0-9781 


20*128 


0*9807 


25*534 


0*9848 


40*634 


0*9877 


45*593 


C 


1*9914 



.SHie 
■• k r. 



3*4641 
2*0000 
1-4536 
1-1547 
0-9631 
0-8284 
0-7279 
0-6498 
0-5872 
0*5359 
0*4562 
0--i250 
0*4068 
0*3520 
0*3166 
0*2632 



Bxplanation of the Table for Polygons* 

The number of sides in the polygon is noted in the first column. 
k =. tabular coeficienL, to be mulMplied as noted on the top of the columns. 
Example 1. How long is the side of an inscribed Pentagon, when the radius 
of the circle is 3 feet, and 4 inches? (4 inches = 0*333 feet.) 

3-383X1-1766 = 3*9179 feet, the answer. 
Exampie 2. What is the area of a Heptagon when one of its sides is 13*76 inchef 

13*76«X3*6339=c687*02 aqnare Inches. 
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GmCTTHFEREyOES AlTD AREAS OF CfttOLES. 



Circ. 


Area. 




ter. (^ ; 


9 


Diame- / 
ter. \ 


in 


•0981 


•00076 


5^ 


•1963 


.00306 




* - 


•3926 


-01227 


i ' 


.% 


•5890 


-02761 




i- 


•7854 


•04908 




A 


•98ir 


-07669 




1 - 


1-178 


-1104 


1 - 


'> 


1-374 


-1503 




*- 


1-570 


•1963 


6 — 


x\ 


1-767 


•2485 




1 . 


1^963 


-3067 


i " 


i* 


2^159 


•3712 




1- 


2^356 


•4417 


i- 


n 


2-552 


-5184 




i . 


2.748 


•6013 


1 - 


t* 


2-946 


•6902 




1- 


3-141 


•7854 


7 — 




3-534 


•9940 




i - 


- 3-927 


1-227 


i - 




4-319 


1-484 


■ 


i- 


4-712 


1-767 


i— ■ 




6-105 


2-073 




1 - 


5-497 


2-405 


i -' 




5-890 


2-761 




»- 


6-283 


3-141 


8~ . 




6-676 


3-646 




i- 


7-068 


8-976 


J -- 




7-461 


4-430 




i^ 


7-854 


4-908 


h— ■ 




8-246 


5-411 




i- 


8-639 


5-939 


1 - 




9-032 


6-491 




3— 


9-424 


7-068 


\. 




9-817 


7-669 


. 


i- 


10-21 


8-295 


1 -- 




10-60 


8-946 




i- 


10-99 


9-621 


J-- 




11-38 


10-320 




1 - 


11-78 


11-044 


} ^- 




12-17 


11-793 




4— 


12-56 


12-566 


10^ 




12-95 


13-364 




i - 


13-35 


14-186 


i - ■ 




13-74 


15-033 




i- 


1413 


15-904 


i— 




14-52 


16-800 




1 


14-92 


17-720 


2 - ■ 




15.31 


18-665 




— * 






_JJ 



Area 




15-70 

■ 16-10 
' 16-49 

■ 16-88 
17-27 

■ 17-67 
18-06 
18-45 

■ 18-84 
19-24 
19-63 

■ 20-02 

■ 20-42 

- 20-81 
21-20 

- 21-57 

- 21-99 

- 22-38 

- 22-77 

■ 23-16 

- 23-56 

- 23-95 

- 24-34 

- 24-74 

- 25-13 
' 25-52 

■ 25-91 
-26-31 

- 26-70 
-27-09 

- 27-48 

- 27-88 

- 28-27 

- 28-66 

- 29-05 

- 29-45 

- 29-84 
30-23 

■ 30-63 
-31-02 

- 31-41 

- 31-80 

- 32-20 

- 32-59 

- 32-98 

- 33-37 

■ 33-77 

■ 34-16 



1 19-635 
120-629 
, 21-647 
22-690 
! 23-758 
, 24-850 
, 25-967 
27-108 
' 28-274 
29-464 
1 30-679 
31-919 
33-183 
34-471 
35-784 
37-122 
38-484 
39-871 
41-282 
42-718 
44-178 
45-663 
47-173 
48-707 
60-265 
51-848 
53-456 
55-088 
56-745 
58-426 
60-132 
61-862 
63-617 
65-396 
67-200 
69-029 
70-882 
72-759 
; 74-662 
I 76-588 
' 78-539 
'80-515 
82-516 
84-540 
86-590 
88-664 
90-762 
j 92-886 



Diame- 
ter. 

.11- 

i - 

i ■ 

12^ 
i- 

I 
13- 

• i • 

i - 

14- 
i - 

i- 

16- 
i - 

I • 

16- 

i 

i- 
I 



Circ. 

34.55 
34-95 
35-34 
35-73 
36-12 
36-52 
36-91 
37-SO 
37-69 
38-09 
38-48 
38-87 
39-27 
39-66 
40-05 
40-44 
40-84 
41-23 
41^62 
42-01 
42-41 
42-80 
43-19 
43-58 
43-98 
44-37 
44-76 
45-16 
45-55 
45-94 
46-33 
46-73 
47-12 
47-51 
47*90 
48-30 
48-69 
49-08 
49-48 
49-87 
50-26 
50-65 
51-05 
51-44 
51-83 
52-22 
52-62 
53-01 



Area. 



95-033 
97-205 

199-402 
101-62 

i 103-86 
106-13 

1 108-43 

'110-75 

1113-09 
115-46 

1117-86 
120-27 
122-71 
125-18 
127-67 

; 130-19 
132-73 
135-29 
137-83 
140-50 
14313 
145-80 
148-48 
151-20 
153-93 
156-69 
159-48 
162-29 
165-13 
167*98 
170*87 
173-78 
176-71 
179-67 
182-65 
185-66 
188-69 
191-74 
194-82 
197-93 
201-06 
204-21 
207-39 
210-59 
213-82 
217-07 
220-35 
223-66 



GiROUlfFERENOES ASD AltEAS OF ClROLBS. 




ir- 

i 

i- 

I 

18- 
i 

I 
19 

i 

20 
i 

21 

22 
i 
i 



53-40 
53-79 
54-19 
54-58 
54-97 
55-37 
55-76 
56-16 
56-54 
56-94 
57-33 
57-72 
58-11 

-■ 58-51 
58-90 
59-29 
59-69 

-160-08 

-60-47 
60-86 
61-26 
61-65 
62-04 
62-43 
62-83 

J 63-22 
63-61 

-164-01 
64.40 
64-79 
65-18 

-65-58 
65-97 
66-36 
66-75 
67-15 
67-54 
67-93 
68-32 
68-72 
6911 
69-50 

-1 69-90 
70-29 
70-68 
71-07 
71'47 
71-86 



J 



226-98 
230-33 
233-70 
237-10 
240-52 
243-97 
247-45 
250-94 
254-46 
258-01 
261-58 
265-18 
268-80 
272-44 
276-11 
279-81 
283-52 
287-27 
291-03 
294-83 
298-64 
302-48 
306-35 
310-24 
314-16 
318-09 
322-06 
326-05 
33006 
334-10 
338-16 
342-25 
346-36 
350-49 
354-65 
358-84 
363-05 
367-28 
371-54 
375-82 
380-13 
384-46 
388-82 
393-20 
397-60 
402-03 
406-49 
410-97 



Clrc. 


Area 


Circ. 




IMame-/^"^ 


^^^ 


Diame- /^^ 




ter. ^ J 


^^ 


Ur. (^J 




23-1 


72-25 


415-47 


29- 


91-10 


6 




72-64 


420-00 




91-49 


6 


J - 


73-04 


424-55 


i - 


91-89 


6 




73-43 


429«13 




92-28 6 


^— 


73-82 


433-73 


1"" 


92-67 


6 




74-21 


438-30 




93-06 


6 


1 - 


74-61 


443-01 


i ' 


93-46 


6 




75- 


447-69 




93-85 


7 


24- 


75-39 


452-39 


30— 


94-24 


7 




75-79 


457-11 




94-64 


7 


J - 


76-18 


461-86 


1 - 


95-03 


7 




76-57 


466-63 




95-42 


7 


^— 


76-96 


471-43 


1- 


95-81 


7 




77-36 


476-25 




96-21 


7 


1 - 


77-75 


481-10 




96-60 


7 




78-14 


485-97 




96-99 


7 


25- 


78-54 


490-87 


31— 


97-38 


7 




78-93 


495-79 




97-78 


7 


i - 


79-32 
■^79-71 


500-74 


i - 


98-17 


7 




505-71 




98-56 


7 


i— 


■ 80-10 


510-70 


i- 


98-96 


7 




- 80-50 


515-72 




99-35 


7 


i - 


- 80-89 


520-70 


f - 


99-74 


7 




-81-28 


525-83 




100-1 


7 


26- 


- 81-68 


530-93 


32- 


100-5 


8 




■ 82-07 


530-04 




100-9 


8 


i - 


- 82-46 


541-18 


i - 


101-3 


8 




■ 82-85 


546-35 




101-7 |8 


^— 


- 83-25 


551-54 


i- 


102-1 '8 




■ 83-64 


556-76 




102-4 1 8 


1 - 


- 84-03 


562-00 


f ~ 


102-8 '8 




84-43 


567-26 




103-2 'S 


27— 


84-82 


572-55 


33- 


103-6 ; 8 




85-21 


577-87 




104- 


8 


I - 


85-60 


583-20 


j - 


104-4 


8 




86- 


588-57 




104-8 


8 




80-39 


593-95 


^ — 


105-2 |8 




- 86-78 


599-37 




105-6 18 


1 *" 


-87-17 


604-80 


a - 


106- 18 




- 87-57 


610-26 




106-4 ; 9 


28- 


-87-96 


615-75 


34- 


106-8 


9 




- 88-35 


621-26 




107-2 


9 


J - 


- 88-75 


626-79 


i - 


107-5 


9 




-89-U 


632-35 




107-9 


9 


i— 


- 89-53 


637-94 


^— 


108-3 


9 




- 89-92 


643-54 




108-7 


9 


i ' 


- 90-32 


649-18 


1 • 


109-1 


9 




■ 90-71 


654-83 




109-5 


9 
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CmCUMFKRENCES AND AKEA8 OV GIROIS8. 



Circ. 


Area. 


Circ. 


1 Area. 


Circ 1 Are^. 


Wame-/^^^ 


^^^ 


Diame- /^'^ 


'^^^ 


Diame- /^ ^^fc 


ter. ^ J 


^W 


ter. (^ ; 


^^9 


ter- Iv^ J ^^P 


36-r 


109-9 


962-11 


41-1 


128.8 


1320-2 


47— 


■ 147-6 


1734-9 




110-3 


968-99 




129-1 


1328-3 




■148- 


1744-1 




110-7 


975-90 


i - 


129-5 


1336-4 




148-4 


1753-4 




lll-l 


982-84 




129-9 


1344-5 




■ 148-8 


1762-7 




111-5 


989-80 


i- 


130-3 


1352-6 


^— 


- 149-2 


1772-0 




111-9 


996-78 




130-7 


1360-8 




- 149-6 


1781-3 




112-3 


1003-7 


1 - 


131-1 


1369-0 




150- 


1790-7 




112-7 


1010-8 




131-5 


1377-2 




150-4 


1800-1 


36- 


113- 


1017-8 


42- 


131-9 


1385-4 


48- 


150-7 


1809-6 




113-4 


1024-9 




132-3 


1393-7 




150-1 


1818-9 




113-8 


1032-0 


i- 


132-7 


1401-9 




151-5 


1828-4 




114-2 


1039-1 




133-1 


1410-2 




151-9 


1837-9 




114-6 


1046-3 


i- 


133-5 


1418-6 




152-3 


1847-4 




115- 


1053-5 




133-9 


1426-9 




152-7 


1856-9 




115-4 


1060-7 


1 - 


134-3 


1435-3 




153-1 


1866-6 




115-8 


1067-9 




134-6 


1443-7 




153-5 


1876-1 


37- 


116-2 


1075-2 


43- 


135- 


1452-2 


49 — 


153-9 '1885-7 




116-6 


1082-4 




135-4 


1460-6 




154-3 1895-3 


X _ 


117- 


1089-7 


i - 


135-8 


1469-1 




154-7 11905-0 




117-4 


1097-1 




136-2 


1477-6 




155-1 1 1914-7 




117-8 


1104-4 


i- 


136-6 


1486-1 




155-5 1 1924-4 




118-2 


1111-8 




137- 


1494-7 




155-9 11934-1 




- 118-6 


1119-2 


1- 


137-4 


1503-3 




156-2 i 1943-9 




118-9 


1126-6 




137-8 


1511-9 




156-6 .1953-6 


38- 


119-3 


1134-1 


44- 


138-2 


1520-5 




157- 11963-5 




119-7 


1141-5 




138-6 


1529-1 




157-4 ; 1973-3 


J _ 


120-1 


1149-0 


i- 


139- 


1537-8 




157-8 


1983-1 




120-5 


1156-6 




139-4 


1546-5 




158-2 


1993-0 




120-9 


1164-1 


i- 


139-8 


1555-2 


J^- 


158-6 


2002-9 




121-3 


1171-7 




140-1 


1564-0 




159- 


2012-8 




- 121-7 


1179-3 


1- 


140-5 


l5-72'8 


i - 


159-4 


2022-8 




1221 


1186-9 




140-9 


1581-6 




159-8 


2032-8 


39 ~ 


122-5 


1194-5 


45- 


141-3 


1590-4 




160-2 


2042-8 




■ 122-9 


1202-2 




141-7 


1599-2 




160-6 


2052-8 




123-3 


1209-9 


i- 


142-1 


1608-1 


i - 


101- 


2062-9 




123-7 


1217-6 




142-5 


1617-0 




161-3 


2072-9 




124- 


1225-4 


i- 


142-9 


1625-9 


i - 


161-7 


2083-0 




124-4 


1233-1 




143-3 


1634-9 




162-1 


2093-2 




124-8 


1240-9 


l - 


143-7 


1643-8 


1 - 


162-5 


2103-3 




125-2 


1248-7 




144-1 


1652-8 




162-9 2113-5 


40- 


- 125-6 


1256-6 


46- 


144-5 


1661-9 




163-3 ,2123-7 




■ 126- 


1264-5 




144-9 


1670-9 




163-7 2133-9 




- 126-4 


1272-3 


i - 


145-2 


1680-0 


I - 


164-1 2144-1 




126-8 


1280-3 




145-6 


1689-1 




164-5 2154-4 




127-2 


1288-2 


i- 


146- 


1698-2 




164-9 2164-7 




127-6 


1296-2 




146-4 


1707-3 




165-3 2175-0 




128- 


1304-2 


l - 


146-8 


1716-5 




165-7 2186-4 




128-4 


1312-2 




147-2 


1725-7 




166-1 219 •)-7 














1 
1 



mBOUKFKREKCKS AND AAXAS OF UIRCUtt. ^^ 
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Circ. 


Area. 




Circ. 


Arcn. 


Ore. Area. 


Wame-/^^ 


^^^ 


Diame-/^ A ^^ 


Diamo- r^ ^^ 


ter. ^ 


^^^ 


ter. ^ J ^^ 


ter. (^ j 


^& 


53 -n 166-5 


2206-1 


59-1 


185-3 2733-9 


65- 


204-2 


3318-3 




166-8 


2216-6 




185-7 ; 2745-5 




204-5 


3331-0 




167-2 


2227-0 


\ • 


186-1 


2757-1 


\ - 


204-9 


3343-8 




167-6 


2237-5 




186-5 


2768-8 




205-3 


3356-7 




168- 


2248-0 


J— 


186-9 


2780-5 




205-7 


3369-5 




168-4 


2258-5 




187-3 


2792-2 




206-1 


3382-4 




168-8 


2269-0 


\ ' 


187-7 


2803-9 


i - 


206-5 


3395-3 




169-2 


2279-6 




188-1 


2815-6 




206-9 


3408-2 


64- 


169-6 


2290-2 


60- 


188-4 


2827-4 


66- 


207-3 


3421-2 




170- 


2300-8 




188-8 


2839-2 




207-7 


3434-1 


X - 


170-4 


2311-4 


^ - 


189-2 


2851-0 


J - 


208-1 


3447-1 




170-8 


2322-1 




189-6 


2862-8 




208-5 


3460-1 




171-2 


2332-8 


J— 


190- 


2874-7 




208-9 


3473-2 




171-6 


2343-5 




190-4 


2886-6 




209-3 


3486-3 




172- 


2354-2 


1 - 


190-8 


2898-5 




209-7 


3499-3 




172-3 


2365-0 




191-2 


2910-5 




210- 


3512-5 


65- 


172-7 


2375-8 


61- 


191-6 


2922-4 


67— 


210-4 


3525-6 




173-1 


2386-6 




192- 


2934-4 




210-8 


3538-8 


j . 


173-5 


2397-4 


j - 


192-4 


2946-4 


^ - 


211-2 


3552-0 




-"173-9 


2408-3 




192-8 


2958-5 




211-6 


3565-2 




- 174-3 


2419-2 


^— 


193-2 


2970-5 


J- 


212- 


3578-4 




- 174-7 


2430-1 




193-6 


2982-6 




212-4 


3591-7 




175-1 


2441-0 


\ - 


193-9 


2994-7 


1 - 


212-8 


3605-0 




175-5 


2452-0 




194-3 


3006-9 




213-2 


3618-3 


66- 


175-9 


2463-0 


62- 


194-7 


3019-0 


68— 


213-6 3631-6 




176-3 


2474-0 




1951 '3031-2 




214- 3645-0 


J - 


176-7 


2485-0 


\ - 


195-5 3043-4 


^ - 


214-4 3658-4 




177-1 


2496-1 




195-9 3055-7 




214-8 3671-8 


i~ 


177-5 


2507-1 


\-~ 


196-3 3067-9 


^- 


215-1 3685-2 




177-8 


2518-2 




196-7 3080-2 




215-5 '3698-7 




J 178-2 


2529-4 


\ " 


197*1 3092-5 


£ - 


215-9 3712-2 




178-6 


2540-5 




197-5 3104-8 




216-3 3725-7 


57- 


179- 


2551-7 


63- 


197-9 3117-2 


69 — 


216-7 3739-2 




- 179-4 


2562-9 




198-3 ; 3129-6 




217-1 3752-8 




- 179-8 


25741 


i - 


198-7 


3142-0 


i - 


217-5 '3766-4 




180-2 


2585-4 




199- 


3154-4 




217-9 13780-0 




- 180-6 


2596-7 




199-4 


3166-9 


J- 


218-3 


3793-6 




■181- 


2608-0 




199-8 


3179-4 




218-7 


8807-3 


A > 


181-4 


2619-3 


\ - 


200-2 


3191-9 


1 ' 


219-1 


3821-0 




181-8 


2630-7 




200-6 


3204-4 




219-5 13834-7 


68- 


182-2 


2642-0 


64- 


201- 


3216-9 


70— 


■219-9 3848-4 




182-6 


2653-4 




201-4 


3229-5 




■220-3 3862-2 


i - 


182-9 


2664-9 


J - 


201-8 


3242-1 


J - 


■220-6 3875-9 




183-3 


2676-3 




202-2 


3254-8 




■221- '3889 8 




183-7 


2687-8 


\- 


202-6 


3267-4 


J— 


■221-4 3903-6 




1841 


2699-3 




203- 


3280-1 




■221-8 3917-4 




184-5 i 2710-8 


1 - 


203-4 


3292-8 


i ' 


' 222-2 3931-3 




184-9 12722-4 




203-8 


3305-5 




222-6 3945-2 









106 



ClRCOSIFERENCBS AND ARBAS OP CfROLES. 



Circ. 


Area. 




Circ 


Area. 


Circ [ Area. 


Diame- ( '\ 


^ft 


Diame- f^ \ 


^'^h 


Diame- /^"^^^^^ 


tor. ..^y 


^ff 


*- Kj^m^ 




223- 


3959-2 


77- 


241-9 4656-6 


83-ri260-7 5410-6 




223-4 


3973-1 




■242-2 4671-7 




- 261-1 ' 5426-9 




223-8 


3987-1 




■ 242-6 


4686-9 




■ 261-5 i 5443-2 




224-2 


4001-1 




243- 


4702-1 




-261-9 t 5459-6 




224-6 


4015-1 




■ 243-4 


4717-3 


\~~ 


- 262-3 ! 5476-0 




225- 


4029-2 




243-8 


4732-5 




262-7 5492-4 




225-4 


4043-2 




-244-2 


4747-7 


1 - 


263-1 5508-8 




225-8 


4067-3 




244-6 


4763-0 




263-5 5525-3 




226-1 


4071-5 


78- 


245- 


4778-3 


84- 


263-8 5541-7 




226-5 


4085-6 




' 245-4 


4793-7 




1204-2 5558-2 


i - 


226-9 


4099-8 




- 245-8 


4809-0 




264-6 5574-8 




227-3 


4114-0 




246-2 4824-4 




265- 15591-3 




227-7 


4128-2 




246-6 4839-8 




265-4 I 5607-9 




228-1 


4142-5 




247- 


4855-2 




265-8 '5624-5 




228-5 


4156-7 




247-4 


4870-7 




266-2 5641-1 




228-9 


4171-0 




247-7 


4886-1 




266-6 


5657-8 




229-8 


4185-3 


79- 


248-1 


4901-6 


85- 


267- 


5674-5 




■J 229-7 


4199-7 




248-5 


4917-2 




267-4 


5691-2 


i - 


-230-1 


4214-1 




248-9 


4932-7 


J - 


267-8 


5707-9 




-^^230-5 


4228-5 




249-3 


4948-3 




268-2 


5724*6 




-230-9 


4242-9 




249-7 


4963-9 


1- 


269-6 


5741-4 




231-3 
- 231-6 


4257-3 




250-1 


4979-5 




268-9 


5758-2 




4271-8 




250-5 '4995-1 


} - 


269-3 


5775-0 


-232- 


4286-3 




250-9 1 5010-8 




269-7 '5791-9 




-232-4 


4300-8 


80- 


251-3 '5026-5 


86- 


270-1 5808-8 




- 232-8 


4315-3 




251-7 5042-2 




270-5 5825-7 




- 233-2 


4329-9 




252-1 5058-0 




270-9 j 5842-6 




- 233-6 


4344-5 




252-5 5073-7 




271-3 6859-5 




-234- 


4359-1 


i- 


252-8 5f89-5 


^- 


271-7 5876-5 




^ 234-4 


4373-8 




253-2 15105-4 




272-1 


5893-5 




J234-8 


4388-4 




253-6 1 5121-2 




272-5 


5910-5 




i235-2 


4403-1 




254- 5137-1 




272-9 ! 5927-6 




.235-6 


4417-8 


81— 


254-4 15153-0 


87- 


273-3 5944-6 




-236- 


4432-6 




254-8 5168-9 




273-7 5961-7 




236-4 


4447-3 


J - 


255-2 ' 5184-8 


j - 


274-1 5978-9 




1 286-7 


4462-1 




255-6 5200-8 




274-4 1 5996-0 




-237-1 


4476-9 




256- 5216-8 




274-8 '6013-2 




237-5 


4491-8 




256-4 5232-8 




275-2 6030-4 


i - 


- 237-9 


4506-6 




256-8 5248-8 




275-6 6047-6 




- 238-3 


4521-5 




257-2 5264-9 




276- 6064-8 


76— 


^ 238-7 


4536-4 


82- 


257-6 5281-0 


88- 


276-4 6082-1 




- 239-1 


4551-4 




258- 5297-1 




276-8 6099-4 


i - 


239-5 


4566-3 


i - 


258-3 5313-2 




277-2 6116-7 




^239-9 


4581-3 




258-7 5329-4 




277-6 6134-0 




- 240-3 


4596-3 


i— 


259-1 5345-6 




278- 6151-4 




- 240-7 


4611-3 




259-5 5361-8 




278-4 6168-8 




ii}*^ 


4626-4 




259-9 5378-0 




278-8 6186-2 




■ 241-5 


4641-5 


- 


260-3 1 5394-3 


- 


279-2 6203-6 



ClEOUlCRRBNOES AND ABEAS OF OlRCLU. 



Circ. 


Area. 


Circ. 


Aroi«. 


C!rc. Area. 


Diame- /''^"^ 


® 


Diame- f \ 


C'\ 


Diame- /'^^ ^^ 


ter. ^ J 


ter. ^ ; 


kJ 


ter. ( ] fe:\ 


89 -T 


T 279-6 


6221-1 


93- 


292-1 6792-9 


97- 


r 304-7 7389-J 




- 279-9 : 6238-6 




H292-5 6811-1 




305-1 


7408-i 




- 280-3 


6256-1 




■ 292-9 1 6829-4 


X _ 


305-5 


7427-S 




- 280-7 


6273-6 




■ 293-3 


6847-8 




■305-9 


7447-(; 




- 281-1 


6291-2 




293-7 


6866-1 


J— 


306-3 


7466-2 




■ 281-5 


6308-8 




- 294-1 


6884-5 




- 306-6 


7485-3 




281-9 


6326-4 




- 294-5 


6902-9 


^ - 


307- 


7504-5 




282-3 63440 




-294-9 16921-3 




- 307-4 


7523-7 


fiO- 


282-7 6361-7 


94— 


295-3 6939-7 


98- 


- 307-8 


7542-9 




-283-1 6379-4 




-295-7 6958-2 




- 308-2 


75C2-2 




-283-5 6397-1 




296- 6976-7 


\ - 


- 308-6 


7581-5 




283-9 6414-8 




296-4 6995-2 




309-0 1 7600-8 




-284-3 6432-6 


^— 


296-8 


7013-S 


\ - 


309-4 7620-1 




284-7 6450-4 




297-2 


7032-3 




309-8 • 7639-4 




285-1 


6468-2 




297-6 


7050-9 




310-2 ! 7658-8 




285-4 


64860 




298- 


7069-5 




310-6 7678-2 


91— 


285-8 


6503-8 


95- 


298-4 


7088-2 


99- 


311-0 7697-7 




■1286-2 


6521-7 




298-8 


7106-9 




311-4 7717-1 


a . 


^286-6 6539-6 




299-2 


7125-5 




311-8 j 7736-6 




-287- 6557-6 




299-6 


7144-3 




312-1 7756-1 




-287-4 6575-5 




i300- 


7163-0 


i~ 


312-5 17775-6 




287-8 6593-5 




300-4 7181-8 




312-9 7795-2 




288-2 6611-5 




:300-8 7200-5 


\ . 


313-3 


7814-7 




288-0 6629-5 




301-2 7219-4 


. 


313-7 


7834-3 


92- 


289- 


6647-6 


96- 


301-5 ' 7238-2 


100- - 


314-1 


7853-9 




289-4 


6665-7 




301-9 , 7257-1 




314-5 


7853-6 


i - 


289-8 


6683-8 


\ - 


302-3 7275-9 


i - 


314-9 '7893-3 




290 2 


6701-9 




302-7 : 7294-9 


. 


315-3 7913-1 




290-5 


6720-0 




303-1 7313-8 


h- - 


315-7 7932-7 




290-9 


6738-2 




303-5 7332-8 


- 


316-0 7942-4 




291-3 


6756-4 




303-9 '7351-7 


1 -' 


316-4 7972-2 




291-7 


6776-4 




304-3 7370-7 


■ 


316-8 7991-9 



EXPLAfHATION OF TUB TABLB FOR SBGMBNTS* Ac. 

The cTtord divided by Vie height is the gauge in tfce Table, the quotient in the 
first column. 

k — tabular coefficient, always to be multiplied by the chord. 

To find the angle of an arc of a clrcU. 

RULE. Divide the base (chord) of the arc by its height, {nne verse) and find 
the quotient in the first column. The corresponding number in the seoond 
column is the angle of the arc in degrees of the circle. 

To And the radius of an are of a circle* 

RULE. Divide the chord of the arc by its height, and find the quotient iu 
the first column. The corresponding number in the third column, multiplied 
by the chord, is tho radius of the arc 



no 




lAVLB Foa SBGUEnra Ac, of 


A CiacuB. 






Chord dir. 


Centr* 


lUdio. 


ClT.Afc 


AreaSeg. | Surfjice 


Solidity 


Cbori 


L»/ beifbt 


ADfte «. 


rn=Jke. 


fc-»c 


a = Ac». 


a = A e». 




«= »r. 


^-!yr-^ 


^ 


<!?' 


o 


^ 


(irTlfc 


/^^ 


^ 


\^-^ 


458-08 


1 


67-296 


1-0000 


•01091 


•78539 


•00086 


•01744 


229-18 


2 


28-649 


1-0000 


•00218 


•78549 


•00172 


•03490 


152-77 


3 


19-101 


1-0000 


-00327 


•78462 


•00255 


•05234 


114-57 


4 


14-327 


1-0000 


-00436 


•78574 


•00310 


•06978 


84-747 


5 


11-462 


1-0001 


.00647 


•78586 


•00401 


•08722 


76-375 


6 


9-5530 


1-0003 


-00741 


•78599 


•00514 


•10466 


65-943 


7 


8-1902 


1-0004 


-00910 


•78621 


•00592 


•12208 


57-273 


8 


7-1678 


1-0006 


-01089 


•78630 


•00686 


•13950 


50-902 


9 


6-3728 


1-0008 


•01254 


•78665 


•00772 


•15690 


45-807 


10 


5-7368 


1-0011 


-01407 


•78695 


•00857 


•17430 


41-203 


11 


5-2167 


1-0013 


-01552 


•78730 


•00964 


•19168 


38-133 


12 


4-7834 


1;0016 


-01695 


•78725 


•01031 


•20904 


35-221 


13 


4-4168 


1-0019 


-01841 


•78794 


•01114 


•22640 


32-742 


14 


4-1027 


1-0023 


-02000 


•78832 


•01199 


•24372 


30-514 


15 


3-8307 


1-0027 


-02157 


•78889 


•01288 


•26104 


28-601 


16 


3-5927 


1-0029 


-02269 


•78909 


•01375 


•27834 


26-915 


17 


3-3827 


1-0034 


-02434 


•78969 


•01462 


•29560 


25-412 


18 


3-1962 


1-0039 


-02592 


•79028 


•01542 


•31286 


24-068 


.19 


3-0298 


1-0044 


•02744 


•79084 


•01635 


-33008 


22-860 


20 


2-8793 


1-0048 


-02878 


•79140 


•01722 


•34728 


21-760 


21 


2-7440 


1-0054 


•03040 


•79234 


•01802 


•36446 


20-777 


22 


2-6222 


1-0059 


-03178 


•79300 


•01897 


•38160 


19-862 


23 


2-5080 


1-0066 


•03343 


•79340 


•01984 


•39872 


19-028 


24 


2-4050 


1-0072 


-03493 


•79416 


•02072 


•41582 


18-261 


25 


2-3101 


1-0078 


•03639 


•79486 


•02159 


•43286 


17-553 


26 


2-2233 


1-0084 


•03784 


•79530 


•02248 


•44990 


16-970 


27 


2-1418 


1-0091 


-03970 


•79639 


•02315 


-46688 


16-288 


28 


2-0673 


1-0101 


-04115 


•79748 


•02424 


•48384 


15-721 


29 


1-9969 


1-0105 


-04230 


•79811 


•02511 


•50076 


15-191 


30 


1-9319 


1-0113 


•04385 


•79907 


-02600 


•51762 


14-970 


31 


1-8710 


1-0121 


•04476 


•78530 


•02692 


-53446 


14-230 


32 


1-8140 


1-0129 


•01710 -80098 


•02778 


•55126 


13-796 


33 


1-7605 


1-0138 


-04842 


•80181 


-02866 


•56802 


13-382 


34 


1-7102 


1-0146 


•04989 


•80300 


-02956 


.58479 


12-994 


35 


1-6628 


1-0155 


•05137 


•80405 


•03046 


•60140 


12-733 


36 


1-6184 


1-0167 


•05311 


•80531 


•03137 


•61802 


12-473 


37 


1-5758 


1-0174 


•05401 


•80622 


•03226 


•63460 


11-931 


38 


1-5358 


1-0184 


-05628 


•80713 


•03328 


•65112 


11-621 


39 


1-4979 


1-0194 


-05755 -80850 


•03418 


•66760 1 


11-342 


40 


1-4619 


1-0204 


•05899 -80987 


•03506 


•68404 1 


11-060 


41 


1-4266 


1-0207 


-06001 -81046 


•03589 


•70040 


10-791 


42 


1-3952 


1-0226 


-06196 -81240 


•03680 


•71672 


10-534 


43 


l-3r>43 


1-0237 


•0635» ^81377 


•03773 


•73300 


10-289 


44 


1-3347 1-024S 


•06574 


•81505 


•03864 


•74920 


10-043 


45 


1-3066 1-0260 


•06628 


•81756 


•03890 


•76636 


9-8303 


46 


1-2797 1-0272 


•06826 


.81795 


•04050 


•78146 


9-6153 


47 


1-2539 1 1-0290 


•06998 1 •81939 


•04143 


•79748 


9-4092 


48 


1-2289 1-0297 


•09138 -82064 


•04247 


•81S4e 





Chord dl» 


Ce»tr« 


lUdius 


Clr. Arc. 




byheWit 


Angle V. 


r = ke. 


b = ke. 




r^li^ 


^''L"^ 


/^rx 




XV' 


<^|,^,>, , 




V 

9-2113 


49 


NT 

1-2057 


1-0309 




9-02U 


50 


1-1831 


1-0323 




8-8387 


61 


1-1614 


1-0336 




8-6629 


62 


1-1406 


1-0349 




8-4462 


53 


1-1206 


1-0364 




8-3306 


54 


1-1014 


1-0378 




8-1733 


65 


1-0828 


1-0393 




8-0215 


66 


1-0650 


1-0407 




7-8760 


57 


1-0478 


1-0422 




7-7334 


68 


1-0313 


1-0431 




7-5895 


59 


1-0154 


1-0454 




7-4665 


60 


1-0000 


1-0470 




7-3358 


61 


•98516 


1^0486 




7-2118 


62 


•97080 


1^0503 




7-0914 


63 


•96694 


1^0520 




6-9748 


64 


•94352 


1-0537 




6-8616 


65 


•93058 


1-0555 




6-7512 


66 


•91804 


1-0573 




6-6453 


67 


-90590 i 1-0591 




6-5469 


68 


•89415 i 1-0610 




6-4902 


69 


•88276 1 1-0629 




6-3431 


70 


•87172 


1-0648 




6-2400 


71 


•86102 


1-8668 




6-1553 


72 


•85065 


1-0687 




6-0652 


73 


•84058 


1-0708 




6-9773 


74 


•83082 


1-0728 




5-8918 


75 


•82134 


1-0749 




6-8084 


76 


•81213 


1-0770 




5-7271 


77 


•80319 ' 1-0792 




6-6478 


78 


•79449 1-0814 




5-5704 


79 


•78606 


1-0836 




6-1949 


80 


•77786 


1-0859 




6-4254 


81 


•76988 


1-0882 




5-3492 


82 


•76212 


1-0905 




6-2705 


83 


•75458 


1-0920 




5-2101 


84 


•74724 


1-0953 




5-1429 


85 


•74009 


1-0977 




6-0772 


86 


•73314 


1-1012 




6-0134 


87 


•72637 


1-1027 




4-9501 


88 


•71978 


1-1054 




4-8886 


89 


•71336 


1-1079 




4-8216 


90 


•70710 


1-1105 




4-7694 


91 


•70101 


1-1132 




4-7117 


92 


•69508 1 1-1169 




4-6015 


93 


•68930 ' 1-1186 




4-5999 


94 


•68366 1 1-1211 




4-5453 


95 


-67817 1 1-1242 




4-4845 


96 


•67282 


1-1271 



T8 &C., OV A OlROlB. 




U 


AnaSHg, 


Surface 


Solidity 1 Chord 


a = A «•. 




C = Jk c». e = A r. 


^ 


^ 


/- *N 


\/ 


•07290 


•82244 


-04330 


-82938 


•07453 


•82384 


-04424 


-84522 


•07611 


•82562 


-04519 


-86102 


•07758 


•82729 


•04614 


-87674 


•07959 


-83363 


•04685 


•89238 


-08083 


•83072 


•04805 


•90798 


-08246 


•83249 


•04901 


•92348 


•08400 


•83422 


•05002 


•93894 


•08579 


•83602 


•05098 


•95430 


•08680 


•83796 


•05191 


•96960 


•08891 


•84064 


•05299 


•98484 


•09106 


•84266 


•05400 


1^0000 


•09209 


•84380 


•054f6 


1^0150 


•09375 


•84581 


-05583 


1^0300 


-09540 


•84791 


•05684 


1^0450 


-09697 


•84996 


•05784 


1-0598 


•09865 


•85215 


•05885 


1^0746 


-10036 


•85441 


•05987 


1^0892 


•10201 


•85640 


•06088 


1-1038 


•10367 


-85815 


-06181 


1-1184 


•10520 


-85464 


•06201 


1-1328 


-10710 


•86350 


•06396 


1-1471 


-10887 


•86699 


•06515 


1-1614 


•11046 


•86834 


•06604 1-1755 


-11226 


•87081 


•06709 


1-1896 


-11385 


•87935 


•06815 


1-2036 


-11563 


•87590 


-06921 


1-2175 


•11736 


-87853 


•07037 


1-2313 


•11910 


•88120 


•07136 


1-2450 


•12072 


•88389 


•07244 


1^258« 


•12281 


•88677 


•07352 


1^2721 


•12441 


•88949 


•07462 


1^285f 


•12660 ^89161 


•07512 1-298 J 


•12793 -89520 


•07683 


1^31 21 


-12958 -89958 


-07819 


1^325J 


•13157 I -90095 


•07907 


1^338a 


•13330 ^90420 


-07960 


1^3512 


•13546 -90734 


•08102 


1^3639 


•13704 •91036 


•08340 


1-3767 


-13893 ' -91363 


•08436 ' 1^3893 


•14078 ^91696 


•08530 1-4818 


•14279 


•92210 


•08621 1^4142 


•14449 


•92352 


•08716 1-4266 


•14643 


•92476 


•08798 1-4387 


•14817 


•92914 


•08932 1-4507 


•15009 


-93385 


-09076 1-4627 


•15211 


•93746 


•09197 1 1-4745 


•15375 


•94272 


-09348 


1-4863 
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TABLE 90R SIOM1CKX3 AC, OF A UIROLE. 



( hord dlT. 


Centre 


iUdios Cir.Arc. 


Ar«aS«f. 


Surface 


Solidity 


Chord 


ty height. 


Angle ». 


r = »c 


4 = »c. 




o = A c«. 


C -= ^ c». 


c^kr. 


■--1^ 


<I> 


<r.C5, 




^--x 




'-~y 


4-4398 


97 


•66760 


1-1300 


•16600 


•94470 


-09442 


1-4979 


4-3859 


98 


•66250 


1-1329 


•15801 


•94852 


•09567 


1-5094 


4-3383 


99 


•65754 


1-1359 


•15995 


-95236 


•09693 


1-5208 


4-2862 


100 


•65270 


1-1382 


•16180 


-95682 


-09831 


1-5321 


4*2406 


101 


•64798 


1-1420 


.16393 


•96011 


•09856 


1-5432 


4-1930 


102 


•64338 ' 1-1451 i 


•16610 


•96412 


•10076 


1-5543 


4-1570 


103 


•63889 1-1483 


•16925 


•96568 


•10557 


1-5662 


4-1006 


104 


•63450 1-1515 


•17001 


•97246 


•10273 


1-5760 


4-0555 


105 


•63023 1-1547 


•17204 


•97643 


•10471 


1-5867 


4-0113 


106 


•62607 1-1580 , 


•17414 


•98067 


•10601 


1-5973 


3-9679 


107 


•62200 1-1614 , 


•17619 


•98495 


•10735 


1-6077 


3-9252 


108 


•61803 1-1648 : 


•17832 


•98931 


•10870 


1-6180 


3-8832 


109 


•61416 1-1682 


•18041 


•99376 


•11007 


1-62S2 


3-8419 


110 


•61039 1-1716 


•18257 


•98827 


•11149 


1-6388 


3-8013 


111 


•60670 ; 1-1752 


-18472 


1-0028 


•11284 


1-6482 


3-7612 


112 


•60325 1 1-1790 


-18696 


1-0077 


•11426 


1-6581 


3-7221 


113 


•59960 , 1-1823 


-18900 


1-0122 


-11566 


1-6677 


3-6837 


114 


•59618 1-1859 


•19117 


1-0169 


•11709 


1-6773 


3-6454 


116 


•59284 1-1897 


•19339 


1-0218 


•11853 


1-6867 ! 


3-6086 


116 


•58959 1-1934 


•19559 


1-0266 


-11995 


1-6961 ' 


3-5712 


117 


•58641 1-1972 


•19787 


1-0317 


•12146 


1-7053 -' 


3-5349 


118 


•68331 1-2011 


•20009 


1-0368 


•12294 


1-7143 


3-4992 


119 


•58030 1-2050 


•20227 


1-0417 


•12444 


1-7232 


3-4641 


120 


•57736 1-2089 


•20463 


1-0472 


•12596 


1-7320 


3-4296 


121 


•67460 1-2130 


•20678 


1-0625 


•12748 


1-7407 


3-3953 


122 


•67168 ' 1-2177 


•20945 


1-0678 


•12903 


1-7492 


3-3616 


123 


•66895 1-2213 


•21175 


1-0634 


-13060 


1-7576 ; 


3-3285 


124 


•56628 1-2263 


•21399 


1-0690 


-13218 


1-7659 1 


3-2940 


125 


•56370 1-2295 


-21538 


1-0753 


•13391 


1-7740 ) 


3-2637 


126 


•66116 1-2338 


•21869 


1^0803 


•13558 


1-7820 


3-2319 


127 


•66870 1-2381 


•22121 


1-0862 


•13701 


1-7898 . 


3-2006 


128 


•55630 1-2425 


•22370 


1-0921 


•13866 


1-7976 , 


3-1716 


129 


•65396 1-2470 


•22617 


1-0974 


•14028 


1-8051 1 


3-1393 


130 


»65169 1-2515 


•22865 


1-1040 


•14202 


1-8126 I 


3-1093 


131 


•54947 1-2561 


•23113 


1-1104 


•14371 


1-8199 


3-0805 


132 


•64732 1-2607 


•23372 


1-1164 


•14537 


1-8271 


3-0555 


133 


•64522 1-2654 1 


•23603 


1-1212 


•14076 


1-8341 


3-0216 


134 


•64318 1-2701 


•23892 


1-1295 


•14894 


1-8410 


2-9777 


135 


•64120 I 1-2749 


•24198 


1-1420 i 


•16209 


1-8477 


2-9651 


136 


•53927 1-2798 


•24364 


1-1428 1 


•15252 


1-8643 


2-9374 


137 


•63740 1-2847 


•24676 


1^1496 i 


•16422 


1-8608 


2-9115 


138 


•53557 1 1-2897 


•24938 


1-1668 1 


•15606 


1-8671 


2-8829 


139 


•63380 ! 1-2948 


•25222 


1-1634 ' 


•16807 


1-8733 


2-8562 


140 


•63209 1-2999 


•25486 


1-1705 1 


•16996 


1-8794 


2-8299 


141 


•63042 1-3051 


•25759 


1-1777 ' 


-16201 


1-8853 


2-8038 


142 


•52881 1-3066 


•25936 


11851 1 


•16381 


1-8910 - 


2-7781 


143 


-52724 1-3157 


•26320 


1-1925 


-16577 


1-8966 i 


2-7527 


144 


-52573 1-3211 


•26604 


1-2000 


•16776 


1-9021 1 

1 



TABLB fob SSaKBKTS &0., OF A CIRCLR. 



Chord Air. 



«f:^^ 



2-7276 
2-7002 
2-6816 
2-6533 
2-6301 
2-6064 
2-5830 
2-5598 
2-5239 
2-5143 
2-4919 
2-4699 
2-4478 
2-4262 
2-4047 
2-3835 
2-3613 
2-3417 
2-3211 
2-3004 
2-2805 
2-2605 
2-2408 
2-2212 
2-2013 
2-1826 
2-1636 
2-1447 
2-1271 
2-1075 
2-0892 
2-0710 
2-0530 
2-0352 
2-0175 
2-0000 



Centra 


RjuliM 


Angle •. 


T = he. 


^. 


<£■■■' 


145 


•52426 


146 


•52284 


147 


•62147 


148 


•52015 


149 


•51887 


150 


-51764 


151 


•51645 


152 


-51530 


153 


•51420 


154 


•51315 


155 


•51214 


156 


-51117 


157 


•51014 


158 


•50936 


159 


•50851 


160 


•50771 


161 


•50695 


162 


•50623 


163 


•50555 


164 


•50491 


165 


•50431 


166 


-50374 


167 


•50323 


168 


•50275 


169 


•50231 


170 


•50191 


171 


•60164 


172 


•50122 


173 


•60093 


174 


•60068 


175 


•50047 


176 


•50030 


177 


•50017 


178 


•60007 



179 
180 



Cir. Are. 



•50002 

•50000 



^.€:^ 



1-3265 
1-3320 
1-3377 
1-3433 
1-3491 
1-3549 
1-3608 
1-3668 
1^3729 
1^3790 
1^3852 
1-3919 
1-3973 
1-4043 
1^4109 
1-4175 
1^4243 
1-4311 
1^4380 
1-4450 
1-4520 
1-4592 
1-4665 
1-4739 
1-4813 
1-4889 
1-4966 
1-5044 
1-5123 
1-5202 
1-5283 
1-6365 
1-5448 
1-5533 
1-5618 
1-6707 



AnuSef. 



•26889 
•27196 
•27449 
•27772 
•28168 
•28369 
-28674 
•28983 
•29397 
-29607 
•29928 
•30259 
•30560 
•30905 
•31239 
•31576 
•31931 
•32263 
•32618 
-32969 
•33327 
•33684 
•34048 
•34422 
•34802 
•35230 
•35568 
•35953 
•36337 
•36747 
•37152 
-37562 
•37974 
•38401 
•38828 
•39269 



Surface 



1^2077 
1-2166 
1-2219 
1-2318 
1-2396 
1-2476 
1-2563 
1-2648 
1-2801 
1-2824 
1-2914 
1-3004 
1-3094 
1-3191 
1-3287 
1-3368 
1-3490 
1-3583 
1-3682 

i 1-3791 
1-3896 
1-4021 
1-4111 
1-4222 
1-4344 
1-4476 
1-4666 
1-4684 
1-4797 
1-4927 
1-5062 
1-6179 

i 1-5308 

i 1-5439 
1-5573 

. 1-5708 



Soliditj I CbonI 
P = * c». e = kr. 



•16965 

•17209 

-17205 

•17605 

•17809 

•18023 ' 

•18666 

-18751 

•18845 

•18913 

•19147 . 

•19374 I 

-19607 

-20029 

•20096 I 

-20342 I 

•20609 ' 

-20847 ! 

•21106 

•21371 

•21634 

•21904 

•22177 

•21946 

•22766 

•23028 

•23266 

•23650 

-23900 I 

•24225 

•24537 

-24866 

•25179 

•25531 

•25840 

•26179 



1-9074 
1-9126 
1-9176 
1-9225 
1-9272 
1-9318 
1-9363 
1-9406 
1-9447 
1-9487 
1-9626 
1-9563 
1-9598 
1-9632 
1-9663 
l-9«9« 
1-9725 
1-9753 
1-9780 
1-9806 
1-9829 
1-9851 
1-9871 
1-9890 
1-9908 
1-9924 
1-9938 
1-9951 
1-9962 
1-9972 
1-9981 
1-9988 
1-9993 
1-9996 
1-9999 
2-0000 



To flad ttke lengtb of an are of a circle* 

RULE. Biyide the chord of the arc by ita height, and find the quotient in 
the first column. The corresponding number in the fourth column multiplisd 
b7 the chord is the length of the arc. 

To And tbe area of a sef^ment of a circle^ 

RULE. Divide the chord of the segment by its height, and find the quotient 
In the first column. The corresponding number in the fifth column multiplied 
by the square of the chord, is the area of the segment. 



I<»» 
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GoumciENT FOK Capacitt and Weight. 



Coefflclent for Capacity and 'Weight, 




ydmes of Substances. 
Cubic inches, 
Cubic feet, - 
Gallons, - - 
Water, fresh. 
Water, salt, - 
Oil,- - - - 
Cast-iron, - 
Wrought-iron, 
Steel, - - - 
Brass, • - - 
Tin, - - - 
Lead, - - - 
Zinc, ... 
Copper, - - 
Mercuiy, . - 
Stone, common, 
Clay, . • . . 
Earth, compact, 
Earth, loose, 
Oak, dry, - 
Pine, - - - 
Mahogany, - 
Coal, stone, - 
Oliarcoal, - - 



FFF. 


Fit. 


1728 


12 


1 


•..694 


7-476 


0-052 


62-5 


0-433 


64-3 


0-445 


67-5 


0-4 


450 


812 


487 


3-37 


490 


3-4 


532 


3-68 


456 


316 


710 


4-92 


440 


305 


556 


3-86 


850 


5-9 


156 


1-08 


135 


0-936 


127 


0-88 


95 


0-66 


58 


0-4 


30 


0-208 


66 


0-457 


54 


0-375 


27-5 


0-19 1 



1 

•....58 

•...433 

0-036 

0-037 

0-033 

0-26 

0-281 

0-283 

0-307 

0-263 

0-41 

0-254 

0-321 

0-491 

0-09 

0-078 

0-0733 

0-055 

0-033 

0-017 

0-038 

0-031 

0-016 



F^\ 

135*5 
0-785 

451 
3i3 

:^S2 
3S& 
417 

ass 

345 
43G 

CG6 

121 

106 

09 

74 

+4 

24 

h'A 

42 

SI 



U-42 
^.540 
-.40H 
0-Sl 
0'3j 
0-313 
24b 
2'e5 
2'G7 
2& 
S'48 

a-8r 

24 
3-03 
4-63 

O'SS 
0735 

oesa 
oai7 

0-3 Ifl 
01 C3 

0-234 
015 



U^- 


F». 


»». 


0-78"* 


'103-7 


0-523 


\^.M 


|>523 


-..^.8 


■-^i 


;.-9l 


-..226 


\^\\ 


m2-7 


0-019 


Oi)2<* 


:^;J-6 


0-02 


OKSfJ 


M) 


0-017 


0'2ft4 


236 


0-136 


0-221 


i355 


0-147 


0-222 


257 


0-149 


o-£;i 


m 


0161 


0'20Y 


239 


0-138 


0'^^ 


an 


0-216 


0-2 


230 


0-133 


0-252 


291 


0-168 


03S5 


446 


0-257 


0^71 


fi2 


0-047 


0-061 


70 


0-04 


<V05S 


G6 


0-038 


0'043 


50 


0-029 


0020 


30 


0017 


0^14 


18 


0-009 


003 


34 


0-02 


0^24 


2S-2 


0016 


(Vffl^J 


14-4 


0H)08 



To Find the l^elgHt and CapMlty by tlUs Table 

RULE. The product of the dimensions in feet or in inches, as noted in the 
columns, multiplied by the tabular coefficient, is the capacity of the solid, or 
weight in pounds avoirdupois. 

Example 1. A cistern is 6 feet long, 27 inches -wide, and 20 inches deep. 
How many gallons of liquid can be contained in it ? 

6X27X20X0-052 =» 168 48 gallons. 

Example 2. A cast-iron cylinder is 4-6 feet long, and ^-5 inches diametss 
Required the weight of it? 

4-6+7-6«X2-45 » 620 pounds. 



The following table is given by Mr. Foirbairn, as exhibiting tlie 
strongest form and best proportions of Riveted joints, as deduced from 
experiments and aotual practice. 



Thickness : DiameteY- of 1 Length of riTet; Distance from 


Quantity of lap in 


of plate. rivet. J fro. head. 


centre to cent. 


■ingle rlTCted. 




in. leths. 1 in. 


BaUo. in. 


Batio. 


in. 


Batio. 


in. 


BaUo. 


in. 


BaUo^ 


0-19= 3 


0-38 


2 


0-83 


4-5 


1-25 


6 


1-25 


6 


2.10 


10 


25- 4 


0-50 


2 


113 


4-5 


1-50 


6 


1-50 


6 


2-50 


10 


0-31= 6 


0-63 


2 


1-38 


4-5 


1-63 


5 


1-88 


6 


3-15 


10 


0-38= 6 


0-75 


2 


1-63 


4-6 


1-75 


5 


2-00 


5-6 


3-33 


9-2 


0-50= 8 


0-81 


1-5 


2-25 


4-6 


2-00 


4 


2-25 


4-5 


3-76 


7-5 


0-63=10 


94 


1-5 


2-75 4-5 1 2-50 


4 


2-75 


4-5 


458 


7-5 


0-76=12 1-J3 


1-6 


3-25 4-5 ' 3-00 


4 


3-25 


4-5 


6-42 


7-5 



Table of 8th Ordinatesi for Railroad Curves* 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
l50 
61 
52 



L! 



00084 
00191 
00299 
00382 
00437 
00573 
00675 
00764 
Oo845 
00955 
01053 
•01146 
01245 i 
01284 
01438 
01535 
01630 
01730 
01858 
01922 
02022 
0211» 
02216 
■02311 
02413 
02508 
02610 
02708 
02813 
02911 
03005 
03107 
03191 
03310 
03412 
03515 
03616 
03718 
03821 
03905 
04030 
04133 
04241 
04363 
04522 
04556 
04682 
04833 
04879 
04982 
05096 
05204 1 



. Ordinates. 
a . 6. I 3. ^^ I 

00193 



•00164 
•00327 
•00522 
•00654 
•00818 
•00928 
•01173 
•01309 
•01474 
•01637 
•01801 
•01965 
•02129 
•02271 
•02461 
•02625 
•02789 
•02956 
•03125 
•03286 
•03453 
•03619 
•03787 
•03934 
•04117 
•04283 
•04457 
•04621 
•04793 
•04970 
•05125 
•05298 
•05464 
•05637 
•05804 
•05992 
•06147 
•06327 

•ofasa 

•OftfSl^l 
•068;i6 
•07012 
•07182 
•0735S 
•07531 
•07706 
•07R04 
•OS059 

•082nr> 
•OBua 

•0SiiL>3 
•03763 



00409 



00561 
00818 
01023 
01228 
"01432 
01639 
01842 
02047 
02250 
02456 
02662 
02861 
03081 
03277 
03484 
•03693 
03996 
04103 
•04309 
04522 
04720 
04930 
05138 
05346 
05552 
•05761 
05970 
06188 
06386 
06596 
06806 
07016 
07424 
07452 
07646 
07858 
03069 

muz 

■08707 
OSS SO 
00130, 

0&503 
09790 
00991 
00207 1 
00122, 

iotia9 

10855 





Angle, 




Ordinates. 


4.1&. 


w 


1. 7. I a, 6. 


3. 5. 


•00218 


6 3° 


•05313 -08932 


•11063 


•00436 


64 


•05422 -09130 


•11318 


•00659 


66 


•05531 •09308 


•11510 


•00872 


56 


•05646 ^09487 


•11731 


•01091 


67 


•05760; -09673 


•11950 


•01309 


68 


•05875 


•09853 


•12170 


•01527 


69 


•05989 


•10037 


•12393 


•01746 


60 


•06094 


•10220 


•12612 


•01964 


61 


•06261 


•10427 


•12840 


•02183 


62 


•06331 


•10593 


•13054 


•02402 


63 


•06451 


•10781 


•13281 


•02620 


64 


•06570 


•10964 


•135(fe 


•02839 


65 


•06681 


•11101 


•13765 


•03058 


66 


•06805 


•11342 


•13956 


•03282 


67 


•06914 


•11532 


•14181 


•03496 


68 


•07040 


•11721 


•14409 


•03715 


69 


•07168 


•11912 


•14637 


•03935 


70 


•07284 


•12103 


•14864 


•0415J 


71 


•07407 


•12294 


•15087 


•04374 


72 


•07535 


•12485 


•15323 


•04594 


73 


•07656 


•12685 


•15555 


•04814 


74 


•07784 


•1^877 


•15785 


•05034 


75 


•07912 


•13078 


•16016 


•05255 


7 6 


•08040 


•13292 


•16247 


•05475 


77 


•08168 


•13472 


•16482 


•05696 


78 


•08297 


•13670 


•16716 


•05917 


79 


•08426 


•13868 


•16951 


•06139 


80 


•08560 


•14070 


•17187 


•06361 


81 


•08695 


•14274 


•17423 


•06582 


82 


•08829 


•14477 


•17660 


•06804 


83 


•08944 


•14681 


•17901 


•07027 


84 


•09105 


•14888 


•18140 


•07250 


85 


•0<J235 


•15120 


•18379 


•07477 


8 6 -09377 


•15304 


•18622 


•07695 


87 


•09518 


•15509 


•18865 


•07919 


88 


•09660 


•15756, 


•19108 


•08143 


89 


•09780 


•15931 


•19350 


•08367 


90 


•09944 


•161441 


•19597 


■08553] 


91 


•10098 


•16359 ' 


•19842 


^OSj^U^ 


92 


•10240 


•16575 


•20092 


*0&041 


93 


•10384 


•16787 


•20338 


•anm 


94 


•10537 


•17005 


•20589 


•03402 


96 


•10692 


•17224 


•20837 


•09719 


96 


•10851 


•17444 


•21091 


•ODfliii 


97 


•10997 


•17666 


•21342 


■10172 


98 


•11150 


•17888 


•21596 


*10100 


99 


•11310 


•18111! 


•22800 


'jmv 


100 


•11468 


•18354 1 


•22107 


■lO^^rJfi 


101 


•11626 ^18500 


•22364 


•MiiS-it 


102 


•11791, ^18793 


•22623 


'11:^14 


103 


•11959^19021 


•22876 


-1U43 




104 


•12116 1^19256 


•23147 



4. h. 
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RAIL ROAD CURVES. 

"When Railroads are to be connected hj curves, we commonly have given the 
distance (chord c,) between the two endfl o o of the tjracks, and the tangential 
angle «, By these the curve is to be constructed. 

Example 1. Fig. 128. The chord C = 168 feet, and the tangential angle 
V = 19° 3CK. Required the centre angle w =, and the radius R =t 

w = 2(19° 300 = 39°. iZ = "A: c = 14979X168 = 261*647 feet. 
Tc = See Table for Segments, Ac, of a circle. 

Bjr Tangential An§fles* 
The curve to be laid out by the three tangential angles rovyron, and noo^ 
each angle = jw = 6° 30'. Required the chord r = ? 
The centre angle for the chord r is 

2>C(6° 30^) =» 13° and r = "A: Je = 0-2264X 251-647 = 56-974 feet. • 
By Angles uf Deflexion* 
Divide the centre angle w into an even number of parts = z. Set ofif at o the 
angle z^^roUi and bisect it into r o r and ron. — find the chord r, and sub<5hord 
a, and continue as shown by Figure. 

Examplt 2. Fig. 128. The tangential angle v = 78°, and the chord C= 638 
feet. Required Uie centre-angle w =s\ Radius £ = ? Chord r = ? and the sub- 
chord a = ? 

V) = 2X78° = 156°. iZ = » *«A: c = 0-51117X638 = 326-126 feet. 
Let the curve be laid out by 6 angles of deflexion, and z =■ ^X156° = 26°, and 
r = ««A: J2 = 0-4499X326-126 = 146-73 feet 
a = a«A; r =«= 0-4496X1^6-73 = 66-012 feet 
By Ordinate 8* 
ExampU 3. Fig. 129. The chord (7= 368 feet, and v = 36°. Required the 
height h = ? 

h = lO^cosecv — cotv). 

Prom cosec.36° =» 1-70130 

Subtract cot.360 = 1-37638 

The height h = 0-32^2X184 = 69-785 feet 

At » => 92 feet from h. Required the ordinate y 1 

^^ =. 2X92Bin.86P ^ ^.^^^ ^ ^^^^, ^_ 
ooo 

y = iX368( ^?;^3°o^ — cot.36°^= 45-9448 feet 

By Su1»*CIiord8> 

&eample 4. Fig. 130. The ends o and o of the tracks form different angles w 
and TFto the chord C, and therefore must be connected by two curves of differ- 
ent radii, R ar.d r. The chord C = 869 feet, w = 38°, and W^ 86°. Required 
the distance from o to the height A, n = ? sub-chord 6 = ? sub-chord a = ? 
radii R and r = ? 

V = iX38° = 19«, and r« iX86° = 43°. 

tan.l9°-ftan.48° 
6 = 234-35 8ec.43° = 320-42 feet I R = »«fea = 1-5358X671-21 = 1030-2 ft 

a = sec.l9°(869 — 234-35) = 671-21 ft. | r =^ "/cd = 0-73314XS20-42 = 234-91 ft 

By Bigl&t Ordinates* 
ExanpU 5. Fig. 133. Required 8 ordinates for a curve of chord (7=9 710 feet 
and the centre angle w = 69°? (See Table on the preceding page.) 
Ist and 7th Ordinates 0-07168x710 = 50-8928 feet 
2nd " 6th « 011912X710 = 84-5752 « 

Srd " 6th « 0-14637X710 =^ 103-9227 « 

4th or height h 015526X710 = 110-2346 «* 



Kaelroad Curtis. 



m 




L28. 

By angles of deflexion. 

w = 2v, J? = «A C -= |jC cosec.tj. 
r = 'k R, a = 'kr =2r sin.i;^. 




129. 

Bi/ Ordinates. 
h = 4C(cosec.u — cot.t?). 

Vsm.r / 

2x sin.v 



sm,z =- 




130. 



By Sub-chords. 
C tan. I? 



h = n tan. 7, 



tan.u+tan.F' 
r= nsec.y, 
a = sec.i>(C — 7i)f 




131. 

Parallel tracks by a reverse cui-ve. 

Formulas same as above. 
The length o o = 2c, length of 
a circle arc I = 0'035t; R, 









^-^/ 


132. 

The greatest radius in a reverse 

cw-ve. 
w = 4(r+3v), W = tt?+F — v, 


-^— ^«^\ 


J? «« C 8ec.w(8in.r— ysin.^F — co8.»W/. 


/flTF 


rrv 


13a. 

Ctzrtje 5y 8 Ordinates. 

The ordinales are calculated in the 
accompanying Table, the chord C = 1 or 


y^ 


^ 


the nnit. 

If the angle w is large, or there he some 
obstacle on the chord C, find the height /i 
and lay out the curye by two or more sets 
of 8 ordinates. 



By Ordinates and Snbchords. 

Example 6. Fig. 134. The tangents / being prolonged to where they 
meet at o, divide that angle into two equal parts, say Fr=75°. Required 
the tangents t=1 external secant 8=% chords C=1 and the angle u;=1 
Radius of the curve 11=1600 feet. 

t=R cot.75°=1500X0-26794=401-91 feet. 
Centre angle w=90— 75°=16° for half the curve. 
S=R (sec.l5^— 1) =1500 (1-0362 -1) =62-8 feet. 
The chords C=Jb 12 =0-26104X1600=391 -66 fteet. 
Measure off from a the tangents and the external secant. 
Draw the chords C C, and divide them each into eight equal parts. 
In the table of ordinates under «;=15° will be found the 
1st. 7th. 001438X391-66=5-631, I 3rd. 6th. 00308lX391-66=12-063, 
2nd. 6th. 002461X391-66 -9-636, | 4th. 003282X39-66=12-86i; 

Thus by only four multiplications, 16 ordinates in the curve is obtained. 
Should there be any obstacles for the chords C. C. as is often the case 
In excavations and on embankments, a line can be drawn further in on 
the track parallel to the chord and the ordinates obtained by subtraction, 
readily understood by the Engineer. 

Ellipse by Ordinates. 

By this arrangement ellipses can be constructed of any proportions. 
One of the two axes is divided into 16 equal parts. The ordinates 
drawn and calculated as shown by the figure 136. 

Parallel Tracks by a Semi-Ellipse, 

Example 7. Fig. 136. The instrument placed at b and b\ divide the 
angles \V and w each into two equal parts, prolong the chords which 
will meet at a, a point in the curve. Divide the chords each into eight 
equal parts, and draw the ordinates parallel to the tracks as shown in the 
figure. The grand chord C is the unit for calculating the ordinates, 
wnich latter are alike on both the chords c', &\ 

1st 2nd. 3rd. 4th. 6th. 6th. 7th. 

01796C 0-2058C 0-2029C 0-1830C 0-1477C 01091C 0-0586C. 

Suppose the grand chord to be C=2060 feet. 

Required the length of the 6th ordinate? 0-1091X2050 --223-656 feet. 

Tracks not Parallel by Elliptic, arc. 

Example 8. Fig. 137. Divide the angles W and w each into two equal 
parts, prolong the subchords until they intersect one another at a, which 
is a point in the curve. Divide the chord C into eight equal parts, join 
a with the 4th division and draw the other ordinates parallel thereto. 

Suppose the angles arc IF=18^ and «>=12^, the centre angle will be 30° 
for which the ordinates are to be calculated from the table. The chord 
C=126feet. Required the 3rd and 6th ordinates? 006188X126 =7-336 feet. 
Springing of Rails. 

Example 9. Fig. 138. A rail of L=21 feet is to be curved to a radios 
of £=1260 feet. Required the spring S—% in sixteenths of an inch. 

S= ?^^ = 8-47 sixteenths. 

Super Elevation of the External Rail. 

Example 10. Fig. 139. A train running M=30 miles per hour on a 
curve of iJ=1650 feet radii, the gauge of the track is G =5 feet. Required 
the angle of inclination i;=1 and the super elevation of the external 
rail A=1 

30^ 

tan.v = = 0-0237=tan. 1° 21'. 

16X1660 

h=G Bin.io 21'=6X002356-0ll78 feet, or nearly li inches. 

It is practically impossible to lay the super elevation to suit the dif. 
ferent speeds of trains. If a mean speed is taken, the faster passenger 
trains will wear the outer rail, and the slow or freight train will wear 
the inner rail 
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134. 

By ordinates and stibchorda, 

t = R cot. TF=JB taii.tt7, Tr=90— w, 

S= R Cseo.w— IJ = R f cosec. FT— IJ 

C=:k R. For fc, see table of segments. 



135. 




Ellipse by ordinates. 

1 = 0-4840(7 6=:0-9204C 

2= 0'6616a 6= 0-9682(7 

3= 0-7808 C 7= 0-9922(7 

4=0-8660(7 8 = (7 the unit. 



136. 




Parallel tracks by elliptic curve, 
h=iC. w=z2v. W=2V, 



Csva.W 



— , c" 



C BTh.,W 



2 8in.i7 ' " 2 8in.F 
See example for ordinates. 




137. 

Tracks not parallel by elliptic arc. 

Angle of the arc = W-\- to. 

Ordinates to be calculated &om the table. 



138. 



Spring of Rails. 

5_. — — ^;^ spring m inches. 
22 

^ 2 4iS' ,^,^ ^ . ^ 
5= — 5 — =16ths of an mch. 
R 



139. 




Inclination of tracks in curves. 

Af , ,, . 
tan.i7= ,-^„- /!= (r' sm.r. 

ID IC 

Meaning of letters, see example. 
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EXCAVATION AND EMBANKMENT. 

Example 1. The Road-way of an excavated channel is r =:^ 15 feet, the depth 
I) = 9 feet, and the breadth at the top 6 ^^ 46^ feet. Bequire the slope £1 = t 

45.5 J5 

Formula 6. £r = «» 1-75 or If to 1* 

Example 2. The Boad way is to be r » 16, D =>18, and the slope S= 11, 
Bequire the breadth b » ? and the cross-section As*} 

Farmulai. &«2Xl8Xl'26-fl5==60feet. 

18 i 



lo /■ \ 

Formvla 7. A = — ( 60 -f 15 J= 676 square feet. 



Example 3. The Boad-way is to be r » 16 feet, the slope 8=^ li, and the depth 
D = ll feet. Bequired the area of Cross-section A = ? 



Formtda 9. A = 11 (11 X U + r) = 367*5 square feet. 

ExcmpU 4. The Boad-way r = 18 feet, slope ,y = li^, d =» 14 feet 6 
the length £rom is 2 == 55 feet. Bequired the cubic contents e = ? 



Fmnida 11. © = 65 X 14-6( ^^'^ ^ ^'^ -f ^)= 11995-676 cubic feet, divided 
by 27 = 444.28 cubic yards. 

ExampU 6. The Boad-way is r = 16 feet, slope 8=slk feet, D « 17»5, d » 7-4 
and the length 2^ =» 100 feet. Bequired the cubic content C s= ? 

«■ 44446 cubic feet, or 1645*4 cubic yards. 
The computation is executed thus. 

17-5 17-5 

7-4 7.4 



700 24-9 

1225 8 



129-50 199-2 

17-5* = 306-25 ) From table 
7-4* = 54-76 J of Squares. 



3)490-51(163-5 tgj^p^^^^ J 

199-2 
X 100 = 44445. cubic feet. 



EXOATATION AND SHBAKKUElTr. 



121 



134 




s 


= cot. V, 


- 


a 


= D8, 


- 


a = 


= D cot V, 


- 


b = 


-.2DS + 


r. 


S- 


a 


- 



1. 

2. 
3. 
4. 
5. 



215' 






A « i)(D iS + r), 9. 

a = rf((ZS + r), - 10. 

c = i.(^.I). 11. 

C=i[s(51±f!:^^) 

+ ^ (2? + d)l . 12. 



A and a =;= CroflS-Sections in square feet, of the excavated channel or 
embankment. 

D and d =j« depth in feet, of the Sections. 

r = width in feet of the Road-Way. 

h = Base in feet of the embankment, or top breadth of the channel. 

L = length in feet, between the two Sections A and a. 

I = length in feet^ from the Section a to the point o where the ground is 
level with the road. 

C = cubic contents in feet, between A and a. 

c = cubic contents in feet, between a and o. 

S = slope of the sides. The slope is commonly given in proportions, thus : 
" Slope = li to 1," which means, that the side slopes li feet horizontally for 1 
foot vertical. 

V = angle of the slope. 

11 
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TEACTION ON ROADS. ' 

Letters denote. 
F= tractive force in pound avoir., necessary to overcome the rolling 

friction, and ascending inclined plains. 
M= miles per hour of the train or force F. 

T = weight of the load in tons, including the weight of the carriages. 
On rail-roads T includes the weight of the locomotive and tender. 
( = weight of the locomotive resting on the driving wheels in tons. 
h = vertical rise in feet per 100 of inclined roaids. 
b = base in feet per 100 of the inclined road or plain. 
k = tractive coefficient in pound per ton of the load T, as noted in the 

accompanying Table, under the different conditions of the road. 
A = area of one of the two cylinder pistons in a locomotive, in sq. in. 
P = mean pressure of steam in lbs. per sq. in. on cylinder pistons. 
S= stroke of pistons in feet. 
D = diameter of driving wheel in feet. 

H= actual horse power of a locomotive or the power necessary for the 

load. About 25 per cent, is allowed for friction and working pumps. 

/= adherence coefficient of the driving wheels to the rails, in pounds 

per ton of the weight t. 
n = revolutions per minute of driving wheels. 
d = continued working hours of a horse. 

V = velocity in feet per second, f = weight of a horse in pounds. 
Example 11. Fig. 140. The area of one of the two cylinder pistons in 
a locomotive is il=3l4 square inches, stroke of piston P=2 feet, mean- 
pressure P=80 lbs. per square inch. Driving wheels P=4 feet diameter. 
Required the tractive force F=1 of a locomotive. 

^^314X2X80 ^ jggg^ j^g ^^^ answer. 
4 
The adhesive force of the driving wheels to the rails, /i, must always 
be greater than the retractive force of the locomotive, otherwise tne 
wheels will slip on the track. 

Example 12. Fig. 141. A locomotive of <=«16 tons on an inclined plain 
rising A =10 feet, and the base 6=99*6 feet per 100. /=560, other dimes* 
sions being the same as in the preceding example. Required the tractive, 
retractive and adhesive forces? 

Tractive, F=?i^^^^—22-4X16X10-«9200 lbs. 

Retractive, F = 22-4X15X10=3360 lbs. 

Adhesive, F=5?2><i^ = 8368 lbs. 

Consequently the locomotive can ascend the inclined plain with a 
tractive force of 8368 3360.^4998 lbs., without slip in the driving wheels. 

Example 13. Fig. 142. A train of T=200 tons is to be drawn Jtf=ao 
miles per hour on a horizontal track in good condition, k=A. Required 
retractive force F=l 

F « 200 (4+/20) = 1694-4 lbs. the answer. 

Example 14. Fig. 143. A train of T=160 tons Is to be drawn up an in- 
clined plain of h=9 feet in 100, with a speed of Jtf=16 miles per hour, 
k=4. Required the necessary horse power of the locomotive H=1 

H-=^?^i?? (22-4X9 +4+/16) = 1342-144 horses. 

Example 16. Fig. 144. Required the tractive ability F=1 of a hone, 
nmning M^l miles per hour, in d=4 continued hours. 

„ 376 

F= — - = 26-8 lbs. the answer. 
7j/4 
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„ ASP 2SM 

ASPn ASP M 
- 11000 "" 376 D ' 
Adhesiye force =/<. 




141 
Adhesive, *^>22-4<A. retractive. 



142 



F=TC^-fv^ </•<= Adhesive. 




143. 

i^=TC22'4A+M-^/S): <^=^^' 



144. 




F^T(k+^yM). t;=rl-466 3f. 

550 375 ^.,.^ . , 

Jf = =-^1^,-;' ability of a horse. 

V y/d Ms/ a 



145. 




JP= T C22.4 h+k+,/Sj. 



F:=^^i!± Jjf=0.6821.. 
t; v/d 100 
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Railroads. 



iSxample 16. Fig. 146. Required the tractive force F=T of a load T=6-15 
tons, to be drawn itf=2 miles per hour up a turnpike of A=9 feet in lOt, 
the road being newly laid with coarse gravel A:=50. 

F=^ 6-25 (22-4X9X60Xl^ •= 1328-25 lbs. 
Suppose a horse to weigh tf = 1000 lbs., working continually in d »1 
hour up the turnpike. Required the tractive ability F=1 per horse. 



F=* 



875 _ 1 000X9 
2k'1 



100 



= 97-6 lbs. 



Number of horses ■• 



1328-25 



=3 13*6 say 14 horses which will be neoessarj 



for the load under the mentioned circumstances. In these examples it 
is necessary to take Jlf>l. and d>l. 

Traction Coefficient at very slow Speed. 

On railroads in good condition, carriage axels well lubricated. 4 

On railroads under ordinary, not very good condition. 8 

On very smooth stone pavement, 12 

On ordinary street pavements in good condition. 20 

On street pavements and turnpikes. 30 

On turnpikes newlaid with coarse gravel and broken stones, 60 

On common roads in bad condition. * 150 

On natural loose ground or sand. 660 



Adherence Coefficient! 

On rails of maximum dryness. 

" " very dry. 

" ** under ordinary circumstances. 

" " in wet weather. 

" " with snow or frost. 
In railway curves, the retractive force is augmented so many per cebt.| 
M the whole train occupies degrees in the ourvn. 



672 
660 
460 
815 
224 




■■a K sj 



/V////'// 




§. i: ?,' r, .$ -c ^ M 
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To Reduce Inches and Fractions thereof to Decimals of a 
Footf and vice versa* 

PLATE I. 

This is a common decimal scale on which the 12 inches of a foot are laid 
out. Any length of a foot expressed by inches and the commo|i fractions, 
intersects its own value in decimals, and are read ofF as on a common diagonal 
scale with 10 to the base. 

Example 1. How much is 8^ inches in decimals of a foot? Pind 8} inches 
on the nUe, which will be found to intersect 6875 on the decimid scale; 
cr 8i in. = 0-6875 feet. 

The first figure 6 is marked at the top and bottom of the scale, the second 
figure 8 is the eighth vertical (or nearly so) line from 6; the tliird figure 7 is the 
seventh horizontal line marked at the ends of the scale, and the fourth figure 6 
is the horizontal dotted line between 7 and 8. 

For sixteenths see the fine single rule, 

JExample 2. How much is 0*526 feet in inches 7 6 ^q the answer. 

To Rednce Vulgar Fractions into Decimals and vice versa* 

PLATE n. 

This is a similar arrangement to the preceding one. The Tulgar fractions 
are laid out so that the denominators are marked at the ends of the scale 
and the nominators on the line that joins the ^ven denominators; by 
this arrangement the nominator of the vulgar fraction intersects its own value 
in decimals on the scale. To facilitate the operations it is best to imagine in 
which quarter the vulgar fraction is ; as ^o is ki the first, f in the second ; f in 
the third, and \l in the fourth quarter, Ac, Ac; each rt*fe occupies a quarter 
of the scale, on which the vulgar fraction is to be found accordingly. 

Example I. How much is ^e in decimals? 

On the third rule it will be found at 5625 of decimals, or ^ = 0'5625. The 
first and second figures 56 are marked as described for Plate I, and the third, 
fourth, &c., &c., figures are written down on the horizontal line of the given 
fraction. 

ExcmpU 2. What nearest vulgar fraction answers to the decimals 0*39583 7 
^£» the answer. 

These two diagrams are exceedingly usefril in practice. Bj Plate II, Tulgar 
Fractions can be added and subtracted. 



TRIGONOMETRY. 

Trioonomwet is that part of Geometry which treats of Triangles. It Is di- 
vided into two parts, viz. : plane and spherical. 

Plane Trigonometiy treats of triangles which are drawn (or imagined to.be) on 
a plane. Spherical Trigonometry treats of the triangles whidi are drawn (or im- 
agined to be) on a sphere. 

A triangle contains seven quantities, namely, three sides, three angles, and 
the surface; when any three of these quantities are ^ven, the four remaining 
ones can by thorn be ascertained, (one side or the area must be one of the given 
quantities) and the operation is called solving the triangle^ which is only an aj^ 
plication of arithmetic on Geometrical objects. 

For the foundation of the above mentioned solution, there are assumed eight 
help quantities which are called Trigcmometrical fwncbums^ and are here denoted 
with their names and number, corresponding with Figure 1 ? In the accompa- 
nying Tables, the functions are calculated at every 10 minutes per degree in the 
quadrant of the circle represented by Fig. 1 ? The angle for which the functions 
are mentioned, is the opening between the two lines 7 and 2, 3, this angle is de- 
noted by the letter C7, and the expression stn.(7.means the line 1 compai-cd with 
the radius r as a unit. 
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Example 2. Fig. 136. An inclined plane a = 150 feet long, and e ^ 27 feet the 
height over its base. What is the angle of inelinatloii (7 » ? 

Ibrmida 14. «6».C« ^ - ^ — 0-18000. 

a 150 

Find 0*18000 in the table of sines, which will be fbnnd at 10«> SO' which is the 
angle C nearly. 

Example 3. Fig- 137 An oblique angled triangle has the sides o = 27*6 feet, the 
angle C = 84° W, and the angle A = 47*' 40^. How long is the side a » ? 

fbmmlal. a^ SJ^ » ^'^?^±'f^ ^'- 86-83 feet fee 

By Logarithms, 

o + log^-6 = 1-44090 

A 4- log.sin.4704y = 1:86878 

1-30968 

O — log.8in.340iy ^ 1:74942 

log. 36-4 = 1-56026, or a » 36-4 feet 

ExampiU. 1. Two ships of war notice a strong firing from a castle ; in order to 
he safe, they keep themselyes at a distance beyond the reach of ihe balls from 
the TAstle. To measure the distance from the castle, they place the yessels 800 
yards from each other, and observe the angles between the castle and the ves- 
sels to be A » 63° 45<, B « 75° 50". What will be the two distances from the 
castle? 

C = 180 — 630 46' — 76® 60' =- 40° 25'. 
To A the distance will be» 

, cBin.B 800X8in.76O60' iioK.^r„.^. 
^'^-^JQ'=' sin.40ai^ :=:. 1195-75 yards. 

To £ the distance will be, 

a - £5Sl^= 822><2^J^'- 1106-6 yards. 
8m.O sin. 40° 26' 

Example 2. From a window in the lower flooB of a houm ii;hich lays lerel with 
the foot of a tower, is observbd an angle = 40° to the top of the tower. From 
another window in the upper story, in the same perpendicular as the lower 
window, the altitude of the tower is observed to be = 37° 30', which is 18 feet 
above the lower window. 

ThenwehaveA= 90 — 40° = 50°. C == 90+87° 80' « 127° 80'. 

B = 180 — 50 — 127° 39' « 2° 30'. ft = 18 feet. 
What will be the height of the tower and the distance from it? 
The distance from the lower window to the top of the tower « «. 

6 Bin.O __ 18Xain.l27° 35 ' 
•^ = ^3 8in.2°30' -=8278 feet 

The height of the tower » A. 

h « c. sin JL — 327-3Xsfai.40° « 210 feet 
The distance to the tower a d. 

tf a- c cos Jl = 327-8>rco«.40° « 260-8 feet 
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1 Sinu9 

2 Oosima 

3 Sinw^versus 

4 Oosinti&'versics 

5 Tangent 

6 Ootangent 

7 Secant 

8 Cosecant 



abbreyiated 



tin.a 

C08.C. 

tinv.O, 

coiv.O, 

tan.CL 

eot.C. 

UC.C. 

cotec.O. 



r = Jtadius of the circle, which is the unit by which the fimctioiu are i 
oiired. 



f* « sm.'»C+C08.*C. 
tan.C: 



^ sin.C 



tan.C. 
cot.C- 
cot.C = 



1 

cos.C 
sin.C 



tairO' 



sec.Ca- 



cos. 



cosec.C«- 



JPttsUive 



smTC' 
smv.C«l — coa.C, 

cosv.C — 1 sin.C, 

sin.2C « 2 sin.C cos.C, 

sin.JC = i/Isin.*C+siny.*C), 

fiin.(Cl5) «sin.C cos. B± 
Bia.Bcoa.C. 

and Negative Signs, 



Angles. 

+180O 
+270O 

-fsepo 



sin. 
+0 

+1 
±0 
—1 



COS. 

+1 

-1 
+0 



sinr. 
+0 
+1 
+2 
+1 
+0 



CO . 


tan. 1 


cot. 


sec. 


cosec 


+1 


+0 


+ 00 


+1 


+00 


+0 


+00 


+0 


+00 


+ 1 


+1 


+0 


+00 


—1 


+00 


+2 


±00 


+' 


+00 


—1 


+1 


+0 


—00 


+1 


— QO" 



When a quantity has reached or cx>, it has ceased to exist, because it < 
not be increased or diminished. 
JSeampIs. What is the length of tiie secant for an angle of 74*' IS'? 

ax-* = Sires' = »■«»• 
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•26551 


•25861 


•26172 


•26483 


•26794 


76 




16 


•26794 


•27106 


•27419 


•27732 


•28045 


•28359 


•28674 


74 




16 


•28674 


•28989 


•29305 


•29621 


•29938 


•30256 


•30573 


73 




17 


•30573 


•30891 


•31210 


•31529 


•31849 


•32170 


•32491 


72 




18 


•32491 


•32813 


•33136 


•33459 


•33783 


•34107 


•34432 


71 




19 


•34432 


•34768 


•35084 


•36411 


•35739 


•36067 


•36397 


70 




20 


•36397 


•36726 


•37057 


•37388 


•37720 


•38053 


•38386 


69 




21 


•38386 


•38720 


•39056 


•39391 


•39727 


•40064 


•40402 


68 




22 


•40402 


•40741 


•41080 


•41421 


•41762 


•42104 


•42447 


67 




23 


•42447 


•42791 


•43135 


•43481 


•43827 


•44174 


•44522 


66 




24 


•44522 


•44871 


•45221 


•45572 


•45924 


•46277 


•46630 


65 




25 


•46630 


•46985 


•47340 


•47697 


•48056 


•48413 


•48773 


64 




26 


•48773 


•49133 


•49495 


•49858 


•50221 


•50586 


•50962 


63 




27 


•60952 


•51319 


•51687 


•52056 


•52426 


•52798 


•63170 


62 




28 


•153170 


•63544 


•53919 


•54295 


•64672 


•55051 


•55430 


61 




29 


•55430 


•55811 


•56193 


•56577 


•56961 


•67347 


•67735 


60 




30 


•57735 


•68123 


•58613 


•58904 


•59296 


•59690 


•60086 


50 




31 


•60086 


•60482 


•60880 


•61280 


•61680 


•62083 


•62486 


58 




32 


•62486 


•62892 


•63298 


•63707 


•64116 


•64527 


•64940 


67 




33 


•64940 


•65356 


•65771 


•66188 


•66607 


•67028 


•67460 


56 




34 


•67450 


•67874 


•68300 


•68728 


•69167 


•69588 


»70020 


65 




35 


•70020 


•70465 


•70891 


•71329 


•71769 


•72210 


•72664 


64 




36 


•72654 


•73099 


•73546 


•73996 


•74447 


•74900 


•76366 


63 




37 


•75356 


•76812 


•76271 


•76732 


•77196 


•77661 


•78128 


52 




38 


•78128 


•78598 


•79069 


•79543 


•80019 


•80497 


•80978 


51 




39 


•80978 


•81461 


•81946 


•82433 


•82923 


•83415 


•83909 


50 




40 


•83909 


•84406 


•84906 


•85408 


•85912 


•86414 


•86928 


49 




41 


•86928 


•87440 


•87965 


•88472 


•88992 


•89515 


•90040 


48 




42 


•90040 


•90568 


•91099 


•91633 


•92169 


•92704 


•93251 


47 




43 


•93251 


•93796 


•94345 


•94896 


•95460 


•96008 


•9656S 


46 




44 


•96668 


•97632 


•97699 


•98269 


•98843 


•99419 


1*0000 


45 






60' 


60' 

1 


40' 


30' 


20' 


10' 


0' 


De«. 










Natural Cotansent* 































Tbioonometbt. 






i31 


Natural Tangent* 


Deg. 


(K 


10' 


20' 


30' j 40' 


60' 


60' 




45 


1-0000 


1-0058 


1-0117 


1-0176 


1-0235 


1-0295 


1-0355 


'44 


46 


1-0355 


1-0415 


1-0476 


1-0537 


1-0599 


1-0661 


1-0723 


43 


47 


1-0723 


1-0786 


1-0849 


1-0913 


1-0977 


1-1041 


1-1106 


42 


48 


1-1106 


1-1171 


1-1236 


1-1302 


1-1369 


1-1436 


1-1503 


41 


49 


1-1503 


1-1571 


1-1639 


1-1708 


1-1777 


1-1847 


1-1917 


40 


50 


1-1917 


1-1988 


1-2059 


1-2130 


1-2203 


1-2275 


1-2348 


39 


61 


1-2348 


1-2422 


1-2496 


1-2571 


1-2647 


1-2722 


1-2799 


38 


52 


1-2799 


1-2876 


1-2954 


1-3032 


1-3111 


1-3190 


1-3270 


37 


53 


1-3270 


1-3351 


1-3432 


1-3514 


1-3596 


1-3679 


1-3763 


36 


54 


1-3763 


1-3848 


1-3933 


1-4019 


1-4106 


1-4193 


1-4281 


36 


55 


1-4281 


1-4370 


1-4459 


1-4650 


1-4641 


1-4732 


1-4825 


34 


56 


1-4825 


1-4919 


1-5013 


1-5108 


1-5204 


1-5801 


1-5398 


33 


57 


1-5398 


1-5497 


1-5596 


1-6696 


1-6798 


1-5900 


1-6003 


32 


58 


1-6003 


1-6107 


1-6212 


1-6318 


1-6426 


1*6533 


1-6642 


31 


59 


16642 


1-6752 


1-6864 


1-6976 


1-7090 


1-7204 


1-7320 


30 


60 


1-7320 


1-7437 


1-7655 


1-7674 


1-7795 


1-7917 


1-8040 


29 


61 


1-8040 


1-8164 


1-8290 1 1-8417 


1-8646 


1-8676 


1-8807 


28 


62 


1-8807 


1-8939 


1-9074 ; 1-9209 


1-9347 


1-9486 


1-9626 


27 


63 


1-9626 


1-9768 


1-9911 1 2-0066 


2-0203 


2-0352 


2-0503 


26 


64 


2-0503 


2-0655 


2-0809 


2-0966 


2-1123 


2-1283 


2-1445 


25 


65 


2-1445 


2-1608 


2-1774 


2-1942 


2-2113 


2-2286 


2-2460 


24 


66 


2-2460 


2-2637 


2-2816 


2-2998 


2-3182 2-3369 1 


2-3568 


23 


67 


2-3558 


2-3750 


2-3944 


2-4142 


2-4342 


2-4546 


2-4750 


22 


68 


2-4750 


2-4959 


2-5171 


2-6386 


2-5604 


2-6826 


2-6060 


21 


69 


2-6050 


2-6279 


2-6510 


2-6746 


2-6985 


2-7228 


2-7474 


20 


70 


2-7474 


2-7725 


2-7980 


2-8239 


2-8602 2-8769 


2-9042 


19 


71 


2-9042 


2-9318 


2-9600 


2-9886 


3-0178 3-0474 


3-0776 


18 


72 


3-0776 


3-1084 


3-1397 


3-1716 


3-2040 3-2371 


3-2708 


17 


73 


3-2708 


3-3052 


3-3402 


3-3769 


3-4123 3-4495 


3-4874 


16 


74 


3-4874 


3-5260 


3-5655 


3-6068 


3-6470 , 3-6890 


3-7320 


16 


75 


3-7320 


3-7759 


3-8208 


3-8667 


3-9136 I 3-9616 


4-0107 


14 


76 


4-0107 


4-0610 


4-1125 


4-1662 


4-2193 4-2747 


4-3314 


13 


77 


4-3314 


4-3896 


4-4494 


4-6107 


4-6736 4-6382 


4-7046 


12 


78 


4-7046 


4-7728 


4-8430 


4-9161 


4-9894 i 6-0658 


5-1445 


11 


79 


5-1445 


5-2256 


6-3092 


6-3956 5-4845 


6-5763 


6-6712 


10 


80 


5-6712 


5-7693 


6-8708 


5-9767 1 6-0844 


6-1970 


6-3137 


9 


81 


6-3137 


6-4348 


6-5605 1 6-6011 6-8269 


6-9682 


7-1153 


8 


82 


7-1153 


7-2687 


7-4287 i 7-5957 7*7703 


7-9630 


8-1443 


7 


83 


8-1443 


8-3449 


8-5656 8-7768 9-0098 


9-2663 


9-6143 


6 


84 


9-5143 


9-7881 


10-078 10-385 10-711 


11-069 


11-430 


5 


85 


11-430 


11-826 


12-260 12-760 | 13-196 


13-726 


14-300 


4 


86 


14-300 


14-924 


15-604 16-349 , 17-169 


18-074 


19-081 


3 


87 


19-081 


20-205 


21-470 22-003 ! 24-541 


26-431 


28-636 


2 


88 


28-636 


31-241 


34-367 38-188 42-964 


49-103 


67-289 


1 


89 


67-289 


68-750 


85-939 114-58 


171-88 


343-77 
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Tb 


lOONoiom] 


T. 








Natural Secant* 


D«g. 


0' 


10' 


20' 


30' 


40' 


60' 


60' 







1.0000 


1.0000 


1.0000 


1.0000 


1.0000 


1.0001 


1.0001 


89 


1 


1.0001 


1.0002 


1.0002 


1.0003 


1.0004 


1.0005 


1.0006 


88 


2 


1.0006 


1.0007 


1.0008 


1.0009 


1.0010 


1.0012 


1.0013 


87 


3 


1.0013 


1.0015 


1.0016 


1.0018 


1.0020 


1.0022 


1.0024 


86 


4 


1.0024 


1.0026 


1.0028 


1.0031 


1.0033 


1.0035 


1.0038 


86 


6 


1.0038 


1.0040 


1.0043 


1.0046 


1.0049 


1.0052 


1.0055 


84 


6 


1.0056 


1.0058 


1.0061 


1.0064 


1.0068 


1.0071 


1.0075 


83 


7 


1.0075 


1.0078 


1.0082 


1.0086 


1.0090 


1.0094 


1.0098 


82 


8 


1.0098 


1.0102 


1.0106 


1.0111 


1.0115 


1.0120 


1.0124 


81 


9 


1.0124 


1.0129 


1.0134 


1.0139 


1.0144 


1.0149 


1.0154 


80 


10 


1.0164 


1.0159 


1.0164 


1.0170 


1.0175 


1.0181 


1.0187 


79 


11 


1.0187 


1.0192 


1.0198 


1.0204 


1.0210 


1.0217 


1.0223 


78 


12 


1.0223 


1.0229 


1.0236 


1.0242 


1.0249 


1.0256 


1.0263 


77 


13 


1.0263 


1.0269 


1.0277 


10284 


1.0291 


1.0298 


1.0306 


76 


14 


1.0306 


1.0313 


1.0321 


1.0329 


1.0336 


1.0344 


1.0362 


75 


15 


1.0352 


1.0360 


1.0369 


1.0377 


1.0385 


1.0394 


1.0403 


74 


16 


1.0403 


1.0411 


1.0420 


1.0429 


1.0438 


1.0447 


1.0466 


73 


17 


1.0456 


1.0466 


1.0475 


1.0485 


1.0494 


1.0504 


1.0614 


72 


18 


1.0514 


1.0524 


1.0534 


1.0544 


1.0555 


1.0565 


1.0576 


71 


19 


1.0576 


1.0586 


1.0597 


1.0608 


1.0619 


1.0630 


1.0641 


70 


20 


1.0641 


1.0653 


1.0664 


1.0676 


1.0687 


1.0699 


1.0711 


69 


21 


1.0711 


1.0723 


1.0735 


1.0747 


1.0760 


1.0772 


1.0785 


68 


22 


1.0786 


1.0798 


1.0810 


1.0823 


1.0837 


1.0850 


1.0863 


67 


23 


1.0863 


1.0877 


1.0890 


1.0904 


1.0918 


1.0932 


1.0946 


66 


24 


1.0946 


1.0960 


1.0974 


1.0989 


1.1004 


1.1018 


1.1033 


65 


25 


1.1033 


1.1048 


1.1063 


1.1079 


1.1094 


1.1110 


1.1126 


64 


26 


1.1126 
1.1223 


1.1141 


1.1157 


1.1174 


1.1190 


1.1206 


1.1223 


63 


27 


1.1239 


1.1256 


1.1273 


1.1290 


1.1308 


1.1325 


62 


28 


1.1325 


1.1343 


1.1861 


1.1378 


1.1396 


1.1416 


1.1433 


61 


29 


1.1433 


1.1462 


1.1470 


1.1489 


1.1508 


1.1627 


1.1647 


60 


30 


1.1547 


1.1566 


1.1586 


1.1605 


1.1625 


1.1646 


1.1666 


69 


31 


1.1666 


1.1686 


1.1707 


1.1728 


1.1749 


1.1770 


1.1791 


68 


32 


1.1791 


1.1833 


1.1835 


1.1856 


1.1878 


1.1901 


1.1923 


57 


33 


1.1923 


1.1946 


1.1969 


1.1992 


1.2015 


1.2038 


1.2062 


56 


34 


1.2062 


1.2085 


1.2109 


1.2134 


1.2158 


1.2182 


1.2207 


55 


35 


1.2207 


1.2232 


1.2257 


1.2233 


1.2308 


1.2334 


1.2360 


54 


36 


1.2360 


1.2386 


1.2413 


1.2440 


1.2466 


1.2494 


1.2521 


53 


37 


1.2521 


1.2548 


1.2576 


1.2604 


1.2632 


1.2661 


1.2690 


52 


38 


1.2690 


1.2719 


1.2748 


1.2777 


1.2807 


1.2837 


1.2867 


51 


39 


1.2867 


1.2898 


1.2928 


1.2959 


1.2990 


1.3022 


1.3064 


50 


40 


1.3054 


1.3086 


1.3118 


1.8150 


1.3183 


1.3216 


1.3260 


49 


41 


1.3250 


1.3283 


1..3317 


1.3351 


1.3386 


1.3421 


1.3456 


48 


42 


1.3456 


1.3491 


1.8527 


1.3563 


1.3599 


1.3636 


1.3673 


47 


43 


1.3673 


1.3710 


1.3748 


1.3785 


1.3824 


1.3862 ! 1.3901 


46 


44 


1.3901 


1.3940 


1.3980 


1.4020 


1.4060 


1.4101 


1.4142 


46 




60' 


50' 


40' 
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Deg, 
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TRia0N0BI2TRS. 
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Natural Secant. 






"r... 


0' 


10' 


20' 


30' 


40' 


60' 


60' 




45 


1-4142 


1-4183 


1-4226 


1-4267 


1-4309 


1-4362 


1-4395 


44 


46 


1-4395 


1-4439 


1-4483 


1-4527 


1-4672 


1-4617 


1-4662 


43 


47 1-4662 


1-4708 


1-4755 


1-4801 


1-4849 


1-4896 


1-4944 


42 


48 


1*4944 


1-4993 


1-5042 


1-5091 


1-5141 


1-6191 


1-5242 


41 


49 


1-6242 


1-5293 


1-5345 


1-5397 


1-5460 


1-5503 


1-5567 


40 


50 


1-5557 


1-6611 


1-5666 


1-5721 


1-5777 


1-5833 


1-5890 


39 


61 


1-5890 


1-5947 


1-6005 


1-6063 


1-6122 


1-6182 


1-6242 


38 


62 


1-6242 


1-6303 


1-6364 


1-6426 


1-6489 


1-6552 


1-6616 


37 


53 


1-6616 


1-6680 


1-6746 


1-6811 


1-6878 


1-6945 


1-7013 


36 


64 


1-7013 


1-7081 


1-7150 


1-7220 


1-7291 


1-7362 


1-7434 


35 


65 


1-7434 


1-7507 


1-7580 


1-7656 


1-7730 


1-7806 


1-7882 


34 


66 


1-7882 


1-7960 


1-8038 


1-8118 


1-8198 


1-8278 


1-8360 


33 


67 


1-8360 


1-8443 


1-8527 


1-8611 


1-8697 


1-8783 


1-8870 


32 


68 


1-8870 


1-8959 


1-9048 


1-9138 


1-9230 


1-9322 


1-9416 


31 


69 


1-9416 


1-9510 


1-9606 


1-9702 


1-9800 


1-9899 


2-0000 


30 


60 


2-0000 


2-0101 


2-0203 


2-0307 


2-0412 


2-0519 


2-0626 


29 


61 


2-0626 


2-0735 


2-0845 


2-0957 


2-1070 


2-1184 


2-1300 


28 


62 


2-1300 


2-1417 


2-1536 


2-1656 


2-1778 


2-1901 


2-2026 


27 


63 


2-2026 


2-2153 


2-2281 


2-2411 


2-2543 


2-2676 


2-2811 


26 


64 


2 2811 


2-2948 


2-3087 


2-3228 


2-3370 


2-3515 


2-3662 


25 


66 


2.3662 


2-3810 


2-3961 


2-4114 


2-4269 


2-4426 


2-4585 


24 


66 


2-4585 


2-4747 


2-4911 


2-6078 


2-5247 


2-5418 


2-5593 


23 


67 


2-5593 


2-5769 


2-6949 


2-6131 


2-6316 


2-6503 


2-6694 


22 


68 


2-6694 


2-6888 


2-7085 


2-7286 


2-7488 


2-7694 


2-7904 


21 


69 


2-79U4 


2-8117 


2-8334 


2-8564 


2-8778 


2-9006 


2-9238 


20 


70 


2-9238 


2-9473 


2-9713 


2-9957 


3-0205 


3-0458 


3-0715 


19 


71 


3-0715 


3-0977 


3-1243 


3-1516 


3-1791 


32073 


3-2360 


18 


72 


3-2360 


3-2653 


3-2951 


3-3255 


3-3664 


3-3880 


3'4203 


17 


73 


3-4203 


3-4531 


3-4867 


3-5209 


3-5558 


3-5915 


3-6279 


16 


74 


3-6279 


3-6661 


3-7031 


3-7419 


3-7816 


3-8222 


3-8637 


15 


75 


3-8637 


3-9061 


3-9496 


3-9939 


4-0393 


4-0859 


4-1335 


14 


76 


4-1335 


4-1823 


4-2323 


4-2836 


4-3362 


4-3900 


4-4454 


13 


77 


4-4454 


4-5021 


4-6604 


4-6202 


4-6816 


4-7448 


4-8097 


12 


78 


4-8097 


4-8764 


4-9451 


6-0158 


6.0886 


6-1636 


5-2408 


11 


79 


6-2408 


6-3204 


6-4026 


6-4874 


5.5749 


5-6653 


5-7587 


10 


80 


5-7587 


6-8553 


6-9553 


6-0588 


6-1660 


6-2771 


6-3924 


9 


81 


6-3924 


6-5120 


6-6363 


6-7654 


6-8997 


7-0396 


7-1852 


8 


82 


7-1852 


7-3371 


7-4967 


7-6612 


7-8344 


8-0156 


8-2055 


7 


83 


8-2066 


8-4046 


8-6137 


8-8336 


9-0651 


9-3091 


9-5667 


6 


84 


9-5667 


9-8391 


10-127 


10.437 


10-758 


11-104 


11-473 


5 


86 


11-473 


11-868 


12-291 


12.745 


13-234 


13-763 


14-335 


4 


86 


14-335 


14-957 


15-636 


16.380 


17-198 


18-102 


19-107 


3 


87 


19-107 


20-230 


21-493 


22.926 


24-562 


26-450 


28-653 


2 


88 


28-653 


31-257 


34-382 


38.201 42-975 


49-114 


57-298 


1 


89 


67-298 


68-757 


85-945 


114.59 171.88 


343-77 
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10' 


0' 


Deg 






Natiti 


-al Cosecant* 
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c 



a«" 



iliiiTC' 



6— aoos.C» 
J— coot.C, 
6 » a sin.B, 
6 1« c tan.jB, 



b 



"" V tan. 



taHTC' 



Q- 



€fl sm.2C 



Q = i jnan.C, 
Q-ic«cot.C, 



oos.C« -, 
a 



taii.C«-T, 

4Q 
8m.2C- ^, 



taii.C« 



2Q 



10, 
11, 
12, 



Q-JcN/(a+c)(a— c) 13, 
sin.O--, 14, 

15, 

16, 

17, 

18, 



Say the angle to be C = 60°. In the first column of the table of sineSf 60° 
corresponds with 0*86602 in the next column, which is the lenfifth of sin. 60^, 
when the radius of the circle is one, or the unit, and the expression sin, 60°X36 
means 0*86602X36 = 31*17672, and likewise with all the other Trigonometrical 
expressions. 

In a triangle the functions for an angle baye a certain relation, to the oppo- 
site side ; it is this relationship which enables us to solre the triangle by the ap- 
plication of Simple Arithmetic. 

In triangles the sides are denoted by the letters a> &, and e ; their respeottre 
opposite angles are denoted by A^ By and (7, uid the area by Q, 

Example 1. Fig. 136 The side c in a right angled Triangle be^ 8«5 feet, and 
the angle C = 39° ay. How long is the side a = ? 

^^ J -676-86 feet, the 



Jbrmu2a2. 



sin. 390.20' 0*63383 



J 



OnjQVB^Aireua) Tbianglb. 



IM 



ITOBMTTLA I^B OBLIQUE-ANGLED TRLiNGLES. 
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a:b== sin. A : sin.jB, and 5: c = sin.jB : sin.C. 
a: c = em, A : sin.C, and Q : ab >= sin.C : 2. 



c sin.A 



sin.(il+JJ)' 



5- 



c sin..g 
sin.C ' 

2Q 
c sin.A' 



.„ ^ c sin.^ 





sin.C — 
an.A- 
sin.il => 



csin.A 
2Q 

a sin.C 



1, 
2, 
3, 
4, 
5, 
6, 
7, 
8, 
9, 



sin.A^n.O ' 
tf« V^'+c'— 25CCOS.-4, 10, 

/ 5 ^Qsin.X ^ ,, c 1 / 2^"sSrC^ 

^"Vs:^sin.u+-») I V "SE:3:is:GS^ 



5 - i(a+6+c) 12, 

4B-\/IEzfl5z?,l4, 
U-y^iB, 15, 
oo«.4B=4/*Iir^. 16, 
Q^h^, 17, 



ran. 



am. 



COS. 



Q- 



2 • 
ab sin.C 



18, 



^ c*mn.Asin.B -.n 
*^" 2sm.(A+i^) ' ^^' 

Q->^-a)(S-*)(«-c) 20, 



21, 



,22, 
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To Solve Triangles MecbaalcaUy* 

PLATE m. 

The aocompanying diagram Is so constructed that the moveable arm repre- 
sents the hypothenuse, the square lines the two sides, and the circular scale the 
angles in a right-angled triai^e. The scale numbered fh}m the centre towards 
will be called &, and the oiie at right angle to be called c. 

JSicample 1. Let the lines that form the right-angle be given as & » 12 and 
c = 4 inches. Required the hypothenuse a, and the angles B and (7/ 

Find where the two lines 12 and 4 crosses each other, move the arm to this 
crossing-point, which then indicates the length of the hypothenuse = 12-65 on 
the arm a ; the two angles will be found at a on the scale. B = 71° 40' and 
(7= 18° 20'. 

If one angle and a side Is given, set the arm on the given angle, and the in- 
tersection of the given side with the arm shows the length of the hypothenuse 
and the other side. 

An oblique angled triangle can be two right angled triangles by drawing a 
line fVom the largest angle perpendicular to the opposite side, and can be solved 
by this diagram. 

Example 2. An oblique angled triangle being a =» 65 feet, (7= 34° SC and 
B » 68<^20'. 

Required the two sides h and c? 

Set the arm on the given angle 34^ 30', and at 65 feet on the arm will be 
fbund the height of the triangle = 37 feet on scale c, and one part of the side 6 
is 54 Ibet on the scale b. 

From the given angle 5 = 68° 20^ 

Subtract the complement of 84° SC =55<=>30^ 

Set the arm on the angle, 12^50' 

Now at the height 37 on the scale 5 will be found 88 feet on the arm, which is 
the length of the side c> and the other part of the side b is 9 feet on the scale c, 
then b = 64+9 — 68 feet 

In a similar manner any plane triangle can be so solved. By a little practice, 
this Table is very useful for approximating triangles. 



SPHERICAL TRIGONOMETRY. 

Spherical Trigonometr^r treats of triangles which are drawn (or ima- 
gined to bo) on the surface of a sphere ; their sides are arcs of the great circle 
of the sphere, and measures by the angle of the arc. Therefore the trigonome- 
trical functions bear quite a different relation to the sides. 

Every section of a sphere cut by a plane is a cirde. A line drawn through the 
centre and at right angles to the sectional circle is called an axt«, and the two 
points where the axis meets the surfickce of the sphere are called the poles of the 
sectional circle. 

F 139 

'When the cutting plane goes through the 

centre of the sphere, it will pass through the 

great circle, and is then called the Equa- 

'tor for the poles. Axis =« N.S- Equator — 

G.E.T.W: 

Three great circle-planes, aa'a"a'"^ WV, 
and ixf€f\ cutting a sphere, NESW, wiD form 
a Holid angle at the centre O, and a triangle 
ABC on the surface ,of the sphere, in which 
the arcs a, 6, c, are the si Jes. The angles form- 
ed by each two planes are congruent to e%ch 
of the appertinent angles A, B, and O. 




nudu 



l}ih/r for ,sv/i ■///{/ 
7'/m/{///'s. 




BiaHT*AlfaiiBI> Spherioal Trianceu 
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sin. 3 = 
tan.c = 
cot.C- 
tan.c — 
COS. a « 
cos.-B — 

tan.a=- 
sin.c =» 



sin.a sin.B, 
tan. a cos. By 
COS. a tan.jS, 
sia.b tan.C, 
cos.i cos.c, 
COS. 6 sin.c, 
tan.& 

tfxn.h 
tan.jB* 



sin.c « 



sin.d 
tan.jB* 

C08..B 

cos.^ ♦ 

cos.g 
' cos.^' 



1, 
2, 
3, 
4, 
5, 
6, 

7, 

8, 

9, 

10, 

11, 



.„ p sin.^ 

sin.i> =» -: — , 

sin. a 



sin.C = 
tan.C = 



tan. 6 
tan.a 

tan.c 
sin. 5' 



Sin.c 



cos.c = 



cos.i — 



cos.a = 



COS. (7 

cos.^ 
smTO' 

cot.C 
tan.B' 



12, 
13, 
14, 
15, 
16, 
17, 
18. 



The sum of tlie three angles in a spherical triangle is greater than two right 
angles, and less than six right angles. 

By Spherical Trigonometry we ascertain distances and courses on the surface 
of the earth ; positions and motions of the heavenly bodies, &c,, &o. Examples 
will be furnished in Geography and Astronomy. 

Example 1. Fig. 140 In a right-angled spherical triangle the side or hypotfae* 
nuse o = 36° 20^, the angle .B = 68° SO'. How long is the side 6 = ? 

Ibrmula 1. Bin.6 = sin-a.sin.B = sin.36oao'X8in.68°60'. 

a log^-'in. 36° 20' = 1:77267 

B log^sin. 68° SO' =. 1:96966 

The answer, log^sin. 33° 32^ = 1:74233 or 6 = 33<»^. 
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sin.a « 



sin.d — 



sin.^ sin. A 
sin.jB ' 

sin.c sin.^ 



sixLO 



sm.a : sm,b — sin.A : sin.B, 
aan.b : sin.c - 8in.B : sin.C, 

tan.(fl+i)-tan.ic cos.l(^4-B) ' " 

. - -. . sill. 4(^ — 5) 
tan.(a-J)-t«i.Cg5;jLpp^;, 

ten.4(^+B)-cot.U^?g^. 

tan.4(A-5) = cot.U^f^. 

oot.U.t«i.i(B-0^f±^ 

toaic = tan.4{a - b) ^^^(j^_^ y 



19 
20, 

21, 
22, 
23, 
24, 
25, 
26, 



JSeampfe 2. Fig. 141 Oblique angled spherical triangle, e » 72°3(K. 5 «> 17° a(K. 
Hov long is the side h=t 

»-^«7«oft »««A 8in.C8ln.J5 8in.720 S(yX8in.l7° 80^ 
-Fbm«to20. Bin.6^ ^^^^ 6in.79<^60> 



e 
B 



C 
The answer 



+ log.8in. 72° 30' = 1:97942 
+ log.8ln. 17° W « 1:47812 
+ « 11:45754 

+ log. sin. 79° 50' =s 1:99312 

log.8in. Ifio 6V = 1:46442 or 6= leo W.» 
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tan.i(mH-n)tani(m ^- n «* taiLi(a+c)tani(a — e) 
tan.in = tan.c cos.Af . - - - 27, 

^^^^an^tan^ 28, 

sm.(i— m) 

*«« ^ COS.C cos.(J — m) tyf. 

^« ^ cos.a cos.m ^ on 

cos.c 

h « m+n. 

^ . COS.C tan.il *, 

cot.m — — I , - - - - - 31, 

tan.a * 

s - a+h-{-c S « A+JB+C, 



^sin.(.'g — c) sm,(s — T) 



sin-U - V AMlrifIEB:i£ZZii\ - . 32, 
V sin. 6 sin.c 



sm. 



/ C08.S <x>s.{S — A) 
•*^ -"" V 8m.Bsm.C » " " ^^' 

To Find the Area of a Splierleal Triangle* 

Let Q he the area of the triangle in square degrees ; if £ «■ radios of 4be 
sphere, the length of one degree will be, 

Lin cot.ic cotia+cos.B - 

. ,^ sin.ic sin.ia sin.jB o 
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CONIC SECTIONS. 

A Couio Section is the section obtained when a plane cuts a oone. 

The conic sections are of fiye difiFerent kinds, namely. 

Ist." Triangle. When the plane cuts the cone through its axis. 

2d. Circle. When the plane cuts the cone at right angles to its axis. 

3d. EUipse. When the plane cuts ^e cone obliquely passing through the tun 
sides. 

4th. Parabola. When the plane cuts the cone parallel to one side. 

5th. Hyperbola. When the plane cuts the cone at an angle to the axis less than 
the angle of the axis and lihe side_of thet»ne. 

The position of a point in a plane surface is determined by its course and dis- 
tance from a given point on a straight line, or by its distances firom two lines 
inplined to one another 

Let AB an4 CD be two iufinite lines inclined to 
one another, and P being a point in the same plane 
as the lines. It is evident that the position of this 
point P is determined by the distances x and y from 
the lines AB and CD, Those lines and distances 
are called, AB the axis of ordinate, and CD the 
axis of abscissa, y the ordinate, x the abscissa, and 
the origin. 

The abscissa x is- commonly taken on the absciss' axis. Now take different 
raldes of the abscissa x, and by some formula or rule calculate the ordinate y; 
then a number of points P^P", Ac, may be obtained; jom those points by a 
line, then the rule or formula is called an equation for that line. Equations 
of this kind will here be furnished for the curve in the conic sections. 

TransiBerse<ixis is the longest line that can be drawn in an Ellipse. 

CffnQugaieraxis is a line drawn through the centre, at right an|^ to the 
transverse axis. 

ParaineteT of any diameter is a third proportional to that diameter, and its 
conjugate. 

Focus is the point In the axis where the ordinate is equal to half thA di> 





144. 



Cydoid, 



y - 0-637 Va?(;r£?— «), 
e = l-211rf, ;>-0-637(i. 



Oomo 




a : b = siJLw : sin.i?, 
s : c^ sin.w : sm.Zf 
x: d= sin.w : sm.(z+v), d = 

y« =c(d-\-b). See Fig. 64, page. 91, 
x.Sin.z /a sm.(z-\-v) a sin.wA 



v' « ?l ' (a sin.[z+«] + asin.v). 

This is the general ibrmula for aU conio sections. 

In any conic section, a point Pcan be calculated by this fbrmlila 6, but for 
the different sections, it will be fonnc| greatly simplified on the next pages. 
For a Parabola «+v =a 180, therefore sinur => sin.v, and 

, a ^ sin.*w 



a Bui.v 


1, 


sin.w ' ' 


xsin.z 
&n.w * 


2, 


X sm.{z-\-v) 


3, 


sin.w ■ ' 




)1, 


4, 


. 


5, 



-6, 



ua 
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X > 



146. 



r = 



Cvrde. 



147. 



• r+Vf*— 1/'._ 



r ' 






148. 



Ctrc/c -Arc 




c« — 4A* 



149. 



Cu'c/e iirc 




n/ 



«• — 4A* 



(^•)"-' 



150. 



Ellipse* 








161. 



Ellipse. 



V-©" 



OONXO SlOTlOIfS. 
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152. 



Ellipse. 



e «• vwi^— -n% 



^ tn 



153. 



Ellipse. 



r«2m — -R. 



154. 



Parabola. 



y = ^Tpx^ p - 4m, 



y =s 2 V a?( Jf+m) — dp*, 



«- vA4iB»+y% 



<«2\/a:(a?+m). 



155. Hyperbola. 

E — r-2m, c--. 



^.JLv(e*-l)(.r— «^)t 



*•- 



c« — 1 










VwiD bftlanoe 
:. i^iii wfli bea 



f «=:»W 1 



^ F 



.^ . ^^ 



..«- i * »= J 



£»^« ite*»and 
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Example 4. Fig. 184 A Cylinder of cast Iron, weighing W= 6245 pounds, I« to 
be rolled up an inclined plane ; the angles v = 18° 20' and t/ = 8° K/ 

YThat force is required to keep the cylinder on the plane? 

F=x w. sin-Cv+t)") =5245X8in.(18° 20'+8O 100 = 2340 pounds. 

Example 5. Fig. 185. An iron ball Tvhich weighs 398 pounds, is tied to an in- 
clined plane with a rope ; the angle of the rope and tlie inclined plane if 
t/ >= 16° 40', and v = 14° 30^. What force is acting on the rope ? 

oos.t/ COS.I6O4O' *^ 

Example 6. Fig. 170. What force F is required to raise a weight W=a 8469 
pounds, by a double moveable pulley ? 

F= iW= iX8469 = 2117*25 pounds. 
Example 7. Fig. 173. How much weight can a force J*™ 260 pounds lift by 
three compound moveable pulleys ? 
I W= 2^F= 2»X269 = 2152 pounds, the answer. 

I Screw* 

Example 8. Fig. 189. What force is required to lift a weight W= 16785 pounds, 
by a screw, with q pitch P= 0126 feet, the lever being r =■ 6 feet. 4 inches? 

Including friction the force PwlU be 

p W(P+fd„ ) 

Inr • 

Find the friction / on page 155. d diameter^f the screw. 

liredge. 

Examjtle 9. Fig. 186. The head of the wedge a = 3 inches, and length 
I >« 164 inches; the resistance to be separated is ^ = 4846 pounds. Requ^cd 
the force F=\ (Friction omitted.) 

4846X3 Qoi A 

F = — = 881 pounds. 

Including friction the force F will be, 148 



^=4f./(2.fJ] 



In which the frietion / is to be found on page 155. 
Catenarla* 

Example 9. An iron chain 256 feet long, weighing 1560 pounds, is to be sub* 
pended between two points in the same horizontal line, but 196 feet apart. 

How deep will the chain hang unier the line of suspension, and with what 
force will the chain act at the points of suspension ? 

Figure and Formula 178. we have given, 

W— iXlSC O = 780 poun ds, I = 4X256 = 128 feet, and a = 4X196 = 98 feet. 

h =» 0-6525 1/128» — 98« =s 53-73 feet, the required depth under the horiaontal 
line. 

2V 58*73 
coit>=»-~g — « 1-096, 0r» = 440 44',and2«=-89O28'. 

The required force will be, 

_ 780X"n.44o 44' _^ , 

^'^ Bin.8y=>28^ =^6«poundi. 



13 



liKYER AND STATIC ALOXENTUlf. 



I 



■^ 



i§i 



156. F: Wl^liL, FL^Wl, 



, Fa 



L-= 



Wa 
W+F* 



3,4, 



2^ 



£ 






157. jP:W=?:i, FL^Wl, 



z- 






Fa 
^ — W^F ' ' 






%f^ 




y^ V 



159. 

If the sum of the momentumfl that act to moTe 
the body in one direction are equal to the sum of 
the momentums that act opposite, the acting 
forces will be in equilibrium; c being the centre 
or Ailcrum. 



158. Fi Tr=.?:i, FL^ W I, 
Wl 






L ' 

Wa 
F-W 



W=.EJt 9,10, 



^ b 



gy St 



n 



160. 

To find the fulcrum c when three forces act oi^ 
one lever \ 

U « - Q(a— ft — ap)+P(a — a?), 
* ]STQTP~- 




161. 

Q s weight of the lerer. % ^ distance from th« 
centre of gravity of the lever to the ftilcruD' 
Balance the lever over a sharp edge, and the oentn 
of gravity is found. 

Wl —Qx r,,_ FL+Qa! 
J- J , w ^ 



Lever and Static Momentuu. 
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162. FiW^riR. FR= Wr, 



Wr J. Wr 



W^ 



RF 



RF 



163. 






-WW 



w« 



FRR' 



= number of revolutions of the wheels, 

,n' '^r'lRy v:v'^n'':RR\ 

= velocity of W, v' = velocity of F» 



164. 

yy rrr W = ^ 

^ ITWW' 




n : n" = r'r" : RR\v:v' ^ rr'r" : 
R R'R". 

r r'r" &C. « radii of the pinions. 
R R'R"&/G. = radii of the wheels. 

1657"" 

Let P and Q represent the magnitudes and direc- 
tions of two forces which act to move the body B. 
By completing the parallelogram, there will be ob- 
tained a diagonal force F, whose magnitude and di- 
rection is equal to the sum i- and Q. F Sb called 
the resultant of P and Q, 




166. 

If three or more forces act in different directions 
to move a body if, find the resultant of any two of 
them, and consider it as a single force. Bctwpon 
this and the next force find a second resultant, 
thus ! P. Qf and K are magnitudes and directions of 
the forces. P+ ^ = r, r+J? =- F=' P+ ©+ J2, or ^ 
is the magnitude and direction of the three fbrcee, 
P, Qf and B. 




^ay 



167. 



A force Q acting (alone) on the body J5, can move 
it to a in a unit of time, another force Pis able to 
move it to 6 in the same time ; now if the two 
forces act at the same time, they will move the 
body to c. c is the resultant of a and &. 



Pullets, 



168. 




Pulleys. — A single fixed Pulley, 
F: Pr= i2:ie, or JP-W, 



A single moveable Pulley. 
F: W^R:2R,orF'^iW, 

If the force j^being applied at a and act upwaidB, 
the result will be the same. 
v' = 2t7. 



A dmlle moveable Pulley, 

F: W=jR:4i2,orF=iW; 

»' = 4«. 




A double moveable Pulley. 
F: W^ R : 4R, or F={W, 
W 



2ti' 



« : w' = 1 ; 2u, 



172. 

Quadruple moveable Pulley, 

Let u => any number of moveable pulleys, then 

w 

^°"2u' v:t?'«l:2tt. 



^ 



173, Compound PuUeys, 

U = number of moTeable Pulleys. 

r : »' - 1 : 2r. 



Funicular and Gatenarun. 
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174. 



An oblique ficed Pulley, 
F: W«2cos.«:l, 




W: F « sm.(a?+i;) : sin.aj, 

j,^ Wsin.a? /._ Wsin.v 
sin.(a:+v)' •'^ *" sm.(a?+i?/ 

W:/= siii.(ic+v) ; sin.i7. 



sin.(j?+i;)* 



f'J. 



Wsin.ti 



sin.(w+j») 




sin.(a?+t;)' "^ siii.(a?+i;)* 



\/>.*- 



0-8660 \//»-aa, 



y^ ^ , J -• length, and TT-r- weight of half the chain,j5r*; 

cot.» - 1*. F- i^"/./ = Wtan.». 
a sm.2F 



cot.w «- — . 
a 

W ■■ weight of half the number of balls. 



J 
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Inclined Plaki. 




180. 2^^ ^A = TVsin.». 
h sin.v 

W-^^«= WCOB.V. 




181. 




F« Wsiii,(»+v'), 
W« Wcos.(i?+i?'). 





182. 



F^ 



W* 



C0S.17 ' 

F cos.v' 



sin.v 
ic « W(cos.t?+sin.v. tant}'). 



183. 

To soZvc an Inclined Plane hy diagrams, 

F = magnitude and direction of the 
force, which is obtained by completing 
the parallelogram. 

By calculation see Formula, Fig. 180. 




^^f~S 



184. 

W = weight of the body, and direc- 
tion of the force of gravity ; to be drawn 
at right-angles to the base h, and F par- 
aUel to F, 

By calculation see Formula, Fig. 181. 




21 J— I \—s 



Tt r^~i 



185. 

w = the force with which the body ; 

presses against the plane, to be drawn ! 

at right-angles to the plane I; then the! 

paraUelogram is competed. 

By calculation see Formula, Fig. 182,1 



Wedge and Screws 



^Bfl^ 


186 

Wedge. 


-^^^ 


jP= force acquired to drive the wedge. 




187. 

Let the line J*repreflent the magnitude and di- 
rection of a force acting to move the body B on the 
line CD\ then the line a represents a part of F 
which presses the body B against CD^ and tiie line 
h represents the magnitude of the force which 
ftctuollj moves the body B. 




188. 
F : W = h: b^ sin.v : cos.v — tan.v« 

F- i^^= Wtan.v. r^F. 



h tan.v 




189. Force by a Screw. 

P « Pitch of the screw, 
r = radius on which the force JPacts. 

F'. W^P:27tr. 
WP „r F27tr 



F = 



2jtr* 



W- 




190. Force by Compound Screws. 

P = Pitch of the large screw, 
p = Pitch of the endless screw. 
R =3 radius of spur-wheel for the endless 
screw. 

W: F^4^Rr:Pp. 

WPr ,„ F4:^rtRr 



F- 



i^tHT 



W^ 



PP 



On the spui^whcel is a cylinder by which 
the weight \V is wound up, the formula will 
\iQ f* BB radius of the cylinder, and 

FiW'-'P r' :27t Rr. 
J, Wpr' w^F^^^ 



pr' 
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CONIC SECTIONS. 

A Conio Section is the section obtained when a plane cuts a eone. 

The conic sections are of five different kinds, namely. 

Isf Triangle. When the plane cuts the cone thrqngh its axis. 

2d. Oirde. When the plane cuts the cone at right angles to its axis. 

3d. EUipse, When the plane cuts tbe cone obliquely passing through the two 
sides. 

4th. JParabola. When the plane cuts the cone parallel to one side. 

5th. Syperbcia. Wlien the plane cute the cone at an angle to the axis less than 
the angle of the axis and the side^of the txme. 

The position of a point in a plane surface is determined by its course and dis- 
tance from a given point on a straight line, or by its distances from two lines 
iuQlined to one another 

Let AB and C© be two infinite lines inclined to 
one another, and P being a point in the same plane 
as the lines. It is evident that the position of this 
point P is determined by the distances x and y from 
the lines AB and CD, Those lines and distances 
are called, AB the axis of ordinate, and CD the 
axis of abscissa, y the ordinate, x the abscissa, and 
the origin. 

The abscissa x is- commonly taken on the abscis^ axis. Now take different 
valdes of the abscissa x, and by some formula or rule calculate the ordinate y; 
then a number of points P^P^P^'y Ac, may be obtained; join those points by a 
line, then the rule or formula is called an equation fbr that line. Equations 
of this kind will here be furnished for the curve in the conic sections. 

Transcerse-axii is the longest line that can bo drawn in an Ellipse. 

Oonjugate-aans is a line drawn through the centre, at rigbt angles to the 
transverse axis. 

Parameter of any diameter is a third proportional to that diameter, and its 
conjugate. 

JFbcut is the point in the axis where the ordinate Is equal to half Um di- 





144. 



Cydoid. 



y - 0-637 ^x(nd—ai\ 
« = 1-211(/, j)-0-637<i. 



Ooino SBonoio^ 




a : b "^ a.n,w : an.v, 



« : c » sin.u; : sin.2;, 



6- 



4- 



x: d= sin-w; : sm.{z+v)i 

y% - c(d^-h). See Fig. 64, page. 91, 
a?.sin.aj /« sin.(2;+v) a sin.vA 

y " im::^^* sin.[2;+v] + a sm.v). 



C* BlU.I/ 


1, 


sin.u; ' ' 


sin.w' 


2, 


a? 8m.(2;+tj) 


3. 


sin.u; • ' 




n, 


4, 


> 


6, 



6, 



This is the general formula ibr all conlo sections. 

In any oonio section, a point Pcan he calculated bj this fbrmnla 6, hnt fbr 
the different sections, it will be fonnc^ greatly simplified on the next pages. 
Vor a Parabola «+v » 180, therefore sinor => 8in.v, and 
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OOHXO SxCflOlfS. 





146. Circle. 



147. 



CirdeT 






«- Vf«— .y*. 



148. 



Cw*c/c ^rc. 




c« — 4A« 



149. 



C«rc/e ilre. 




v-\A^^^^- 



c* — 4A* 



150. 



Ellipse, 




y — — y/2m» — »*. 

9?t 




161. 



Ellipse. 



'-s/'-G)' 



Oamo BBonoMB. 
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154. Parabola, 

y = v^, p - 4m, 

y« V"t» — 4«V 



y « 2 V 4a;+m) — «•, 



t=. v^a?*+y% 



/-2Va?(«+»»)' 



155. Hyptrbola. 

n 
JJ — r-2m, «--. 

m 

m 
e»— 1 



**- 



■^~' 






^44 MsoHAinos. — Statics. 

MECHANICS. 

Mecbanios is that branch of Natural Phflosophy which treats of the actaoii 
of force, motion, and power. Mechanics is dirided into four parts, namely. 
Statics the science of forces in equilibrium. 

Dynamics^ the science of forces in motion, it produces power or effect. 
Hydrostatics, the science of fluids in equilibrium 
Hydrodynamics the science of fluids in motion, its causes, power or effeote. 

Statics* liever* MoHientum* 

liever is an inflexible bar, supported in one point called the Fulcrum,oT, 
centre of motion. The length of a kver is measured from the ftdcrum to where 
the force or resistance acts, (when the force acts at iright angles to the leyer) or, 
the length of a lever is measured fix»m the ftdcrum at right angles to the direc- 
tion of the /orcc. 

Tr= Weiffht, and I = Uver for JT) ^ p, „^ 
F = Ibrce/ and Z = fewer fot Fj^^ '^'^^^ 

Momentum is the product of force or vjetffTOt multiplied by fhe length of 
the lever it acts upon. 

The products TfZ and FL are called J^aUcs Momentums; when these loo- 
mentums are equal there will be no motion, und the weight TTwill balance 
the force F. When one momentum is greater than the other, there wiU be a 
motion, and the Telocity of that motion is measured by the difference of the 
momentums. 

Levers are of titiree distinct kinds, with reference to the relatiye positions of 
the Force Fj Weiglit W, and Fulcrum, C. 

lat. Fulcrum C, is between the/orce F^ and the weight W, 

2d. Weight W, is between the fulcrum C. and the/orce F. 

3d. Ibrce F, is between the fulcrum C, and the vmglit W. 

Example 1. Figure 156. The weight Tr= 68 pounds, the lever I « S-Sa feet, 
and L=10 feet 6 inches. 

Required the force F= ? 

rp'/ 68^3*86 
Ibrmulal. J'^-^ = -Tr^:^ = 25 pounds nearly. 

a = distance between the force F and the weight W. 

The formula 3, 4, 7, 8, 11, 12, are for finding the fulcrum C, when the force 
F, weight W, and the distance a, are given. 

EzdmpU 2, Fig. 167. The force F= 360 pounds, TT— 1870, And a — 8 fi»6t, 4 
Inches. 

Required the position of the fulcrum ct 

»^ I T I ^ 360X8-333 ^ SgO^SS - ^g- - . 

J^^ormuia^. J = :^^^—^= -^^—^ =- -^^j^- -19-86 feet. 

L = 8-333+19-86 = 28*193 feet, the answer. 

Example 3. Fig. 161. The weight of the lever ia Q^IB pounds. The centre of 
gravity is a = 2'26 feet from the fulcrum. W^ 299 pounds, I « 6"6 feet, and 
Zc=- 11-95. 

Required the force J' = ? in pounds. 

^_ Wl - ^ _ 299X5-5~18X2-25 ^^^,^ ^^^ 

iMclfned Plane* 

Example 4. Fig. 180. A load W= 3466 pounds, is to be drawn np an Inclined 
plane, I = 638 feet long, and A = 86 feet high. 
What force is reqxiired to keep the load on the inclined plane i 
hW 86X3466 
F^ ~j~ « — ^g « 467-2 ponndB. 



SxampJe 4. Fig. 184 A Cylinder of cast iron, weighing Tr= 6246 pounds, Is to 
be roUed up an inclined plane; the angles v = 18° 20' and t/ = 8° ly 

What force is required to keep the cylinder on the plane? 

F=a W: 8in.(t>H-«*) =6245X6in.(180 20'+8O 100 = 2340 pounds. 

Example 6. Fig. 185. An iron ball which weighs 398 pounds, is tied to an in- 
clined plane with a rope ; the angle of the rope and tlie inclined plane is 
t/ = 16° 40', and v = 14° 30'. What force is acting on the rope f 

COB.l/ C08.16° 40' *^ 

JSxample 6. Fig. 170. What force F is required to raise a weight Wss 8469 
pounds, by a double moveable pulley ? 

F= iW= iX8469 = 2117-26 pounds. 
Example. 7. Fig. 17a How much weight can a force ^«= 269 pounds lift by 
three compound moveable pulleys ? 

W= 2uF= 2»X269 =» 2152 pounds, the answer. 

Example 8. Fig. 189. What force is required to lift a weight W= 16786 pounds, 
^y a screw, with a pitch P= 0*126 feet, the lever being r « 5 feet 4 inches? 

„ WP 16786X0*125 «„«„ ^ ^^ 

Including friction the force J* will be 

^ W(P^fdft ) 
2n r 

Find the friction / on page 155. d diameter^f the screw. 

Example 9. Fig. 186. The head of the wedge a =» 3 inches, and length 
{ -B 16^ inches; the resistance to be separated is ^ == 4846 pounds. Requ^cd 
the force Jf = ? (Friction omitted.) 

4846X3 QQ, , 

— 1fi»R == ^^^ pounds. 

Including firiction the force F will be, 148 



^=4-1 -/(2-r:)] 



f n which the frietion / is to be found on page 156. 
Catenaria* 

Example 9. An iron chain 256 feet long, weighing 1560 pounds, is to be 8U8> 
pended between two points in the same horizontal line, but 196 feet apart. 

How deep will the chain hang unier the line of suspension, and with what 
force will the chain act at the points of suspension ? 

Figure and Formvla 178. we have given, 

TK=» iXl5G0 = 780 poun ds, I = iX256 = 128 feet, and a = 4X196 = 98 feet. 

h — 0*6525 |/r28a — 98« = 63*73 feet, the required depth under the horiaontal 
line. 

cot.i» « ^^'^- » 1-096, or » = 440 44^, and 2w = 89° 28'. 

The required force will be, 

_ 780X''in.44o 44' ,.„ . 

^-^ sfai.89' = >28^ :3, 640 pounds. 
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UmSB. AND STATIC UOMXITTUH. 



i> 



i£f 



156. F: W=2:i, FZ- WZ, 



2 = 



Wl 



" W^F, 



W 



L = 



FL 
" I » 

Wa 



1,2, 
3,4, 



2d 



c 



t 



157. F:W=l'.L, FL-Wl, 
^ L' "^ T' 



5,6, 



T ^^ 7 ^^ 7 a 




158. J": Tl'=i:£, FL- W I, 



Wl 

L ' 

Wa 

F— wr 



W~ 



FL 
1' 



9,10, 



^=-F^W'"'12- 



%3^^ 




159. 

If the sum of the momentumB that act to moTe 
the body in one direction are equal to the sum of 
the momentums that act opposite, the acting 
forces will be in equilibrium; c being the centre 
or Ailcrum. 



gy X. 






I 



160. 

To find the ftilcrum c when three forces act on 
one leyer 

U J? - Q(a— ft — x)-{P(a — x\ 
Qa+Pa--Qb 




161. 

Q s \relght of the lerer. m ^ distance from the 
centre of gravity of the leyer to the fulcrum' 
Balance the lever over a sharp edge, and the oentxt 
of gravity is found. 

Wl -Qx FL+Qx 
F 2 , W j 



jLusvisK ahu oxATiu mvuiia-svu.. 




162. F:W^r:R. FR= Wr, 



Wr J. Wr 



163. 
F = 



Wrr' 

-WW 



w= 



FRIt 



n — number of revolutions of the wheels, 

n:n' ^r* :R, v : r' = n' : RR\ 

V = velocity of W, v' = velocity of F» 



164, 



WrrV ^ FRKR" 
^"ITWW rr'r" ' 

n : n" == rV" : i? J2', » : v' - rrV" : 
R R'R". 

r r'r" &C. = radii of the pinions. 
R R'R'&C. = radii of the wheels. 

1657~" 

Let P and Q represent the magnitudes and direo> 
tions of two forces which act to move the body B. 
By completing the parallelogram, there will be ob- 
tained a diagonal force I\ whose magnitude and di- 
rection is equal to the sum i' and Q. Fib called 
the resultant of P and Q. 



166. 

If three or more forces act in different directiong 
to move a body if, find the resultant of any two of 
them, and consider it as a single force. Betwoou 
this and the next force find a second resultant, 
thus : P. Qf and R are magnitudes and directions of 
the forces. Pf ^ = r, r+J? =- P« P+ ©+ J2, or P 
is the magnitude anddireotion of the three forces, 
P, Qy and B, 




167. 



A force Q acting (alone) on the body J5, can move 
it to a in a unit of time, another force Pis able to 
move it to 6 in the same time ; now if the two 
forces act at the same time, they will move the 
body to c. c is the resultant of a and b. 
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168. ' [ 

Pulleys. — A single fixed Ptdley. 

F: W^R:R,orF^W, 



169. 

A single moveahle PvUey, 

F: W^R:2R,orF'^iW, 

If the force jPbeing applied at a and act upwards, 
the result will be the same. 

v' = 2v. 




A douile moveable Pulley. 

F: W = jR:4i2,orF=iW; 

»' = 4tj. 



- 


J. double moveable Pulley. 


u=lgg 


F: W^R:4R,0TF^iW, 

W 
F^^, v:v'=^l:2u. 
2u 


^i^ 


172. 

(Quadruple moveable Pulley. 

F^iW. FzW^Ri^R. 
Let u = any number of moveable pulleys, then 




173. Compound Pulleys. 
U = number of moTeable Pulleys. 

e : »' - 1 : 2". 


re>-(r> 


/r^ vhrnu> 




\ fa^^b. 



FuinCDtAR AND GATSNARIAR. 
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K^ictr 



174. 

An oblique fixed Pulley. 



W= 



2oos.s' 



, F^2WcoB.z. 




175. 



W: F « sm.(a?+v) : sin.a?, 

p^ Wsin.a? ^_ Wsin.v 
sin.(a?+t;)' "^ *" sin.(j?+i?/ 

W:f^ sm.(a?+v) : siii.r. 



176. 




F-^ 



sin.(j;+t;)' 



•^ sm.(w+;?) ' 



jP« Wsin.a? /._ Wsin.t? 
sin.(a?+t;)' "^ sm.(a?+t?)* 




178, 



^-4/ g +fl«, ^-0-8660 \/?^::^ 
{ a- leng:th, and TTss- weight of half the chainjjj/*, 

cot.» - !?, F - Il^l^/,/ = Wtan.«. 
I 6in.2 F 



-i_ 




COt.27 *» • 

a 

W « weight of half the number of balla. 
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Included Plane. 




180. 



Wh 



= WBm.Vf 



fi 



sin.v 



Wl 
w^—-^W C08.r. 






181. 



F« TFsm.(t)+t;'), 
F 

W« Wcos.(i?+i>'). 





182. 


2j,_ TFsin.t» 

C0S.t7 ' 




^^Fcos.1.' 
sin.i; 




w = W(cos.t>+sin.v. tanv'). 


183. 





To solve an Inclined Plane by diagrams. 

F = magnitude and direction of the 
force, which is obtained by completing 
I the parallelogram. 

By calculation see Formula, Fig. 180. 



184. 

W = weight of the body, and direc- 
tion of the force of gravity ; to be drawn 
at right-angles to the base J, and F par- 
allel to F. 

By calculation see Formula, Fig. 181. 



185. 

w = ihe force with which the body 

presses against the plane, to be drawn 

at right-angles to the plane I; then the 

parallelogram is competed. 

By calculation see Formula, Fig. 182, 



Wedge and Screws 
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186 



Wedge. 



F^ 



Ba 



B* 



Fl 



F « force acquired to drive the wedge. 




187. 

Let the line Prepreeent the magnitude aad dl> . 
feotlon of a Ibrce acting to more the body B on the I 
line CD\ then the line a represents a part of F 
which presses the body B against Ci>, and the line 
h represents the magnitude of the force which 
aotuoUj moves the body B. 




188. 
F : TT = A : J — sin.v : cos.t7 — taii.v. 

If- _^^ = W'tan.r. r-lf. 
h taii.v 




189. Force by a Screw. 

P « Pitch of the screw, 
r = radius on which the force FactM, 

F: W^P:27tr. 




190. Force by Compound Screws. 

P s=» Pitdi of the large screw, 

p ss Pitch of the endless screw. 

R a radius of spur-wheel for the endless 
screw. 

W: F'^A^RriPp. 



F^ 



WPr 



W^ 



F4:^7tRr 
~PV 



On the spur-wheel Is a cylinder by which 
the weight W is wound up, the formula wHl 
be r' B> radius of the cylinder, and 

FxW -^p r':27tRr. 



F^ 



Wipti w^E?^^, 



27tRr' 



pr' 



152 Dynamics. 

Dynamics. 

Quantity is that 'which can be increased and diminished by homogeneous 
X)arts. Quantity is of two kinds, — yemnetrical and physical. 

Klen&ent is that which cannot be dissolved into two or more different 
(l\jautitiua. 

Function is the product of two or more different elements. 

Porce, motion, and time are simple physical elements; and 

power, space, and work are functions or products of those elements. 

Force is a mutual tendency of bodies to attract or repel each other. Its 
physical constitution is not yet known. We only know its action on matter, 
which is recognized as pressure and measured by weight. 

Fi»-ce is the first element of power and work. It is here denoted by the letter 
i-^in pounds avoirdupois. 

Motion is a continuous change of position, recognized as velocity. It is 
the second element of power and work, and here denoted by Fin ft. per second. 

Time implies a continuous action recognized as duration. It is the third 
element of work, and here denoted by T in seconds. 

Po^ver is a function of the two first elements, force Fand velocity V, or the 
product obtained by multiplying together the force F and velocity V, denoted 
P — FV. Power Pis expressed in footpounds, and called dynamic effect, of 
which there are 550 in a horse-power; or, if the velocity is measured in feet 
per minute, there will be 33,000 footpounds in a horse-power. 

S^pace is a function of the second and third elements, velocity Fand time 
T, «lenoted by S — V T, which means that the space S is the product of the 
velocity Fand time T, expressed in linear feet. 

"Work is a function of the three elements force F, velocity F, and time T, 
denoted by ^ = PVT, which means that the work K is the product obtained 
by multiplying together the three elements F, V, and T. Work may also bo de- 
noted by K= F8, where it appears as if the work was independent of time; 
but the time is included in the space S=^ V T, 

Work is also denoted by ^ = P T, or the product of the power P and the 
time T, where it appears as if work was independent of force and velocity, 
wliich latter are included in the power P. Either of the three cases expresses 
the work K in units of one pound lifted one foot, called footpounds. For large 
quantities of work, this unit is too small. The work done by one man in a day 
may amount to some two millions of footpounds. It is therefore proposed to 
adopt an additional unit for work, namely, the work a horse can perform in the 
time of one hour, which is equivalent to that of eleven men working mie hour, 
or of one man working eleven hours, to be called a "Worlcmanday, and 
denoted by the letter k. This unit is to express great amounts of work, such 
as the building of a houst, bridge, canal, sfiip, large fly-wheels, and to express 
the magnitude of steam-boiler and gunpowder explosions; also the capacity of 
heavy ordnance, to be noted in workmandays. 

One horse-power = 550 effects = 11 men's power. 
One man's power = 50 effects = 0-0909 horse-power. 

Example 1.— What force F= ? is required to generate a power of £r= 64 
horses, with a velocity F= 15 feet per second? Find the formula for force, 
which contains the given quantities U and F, which is, 

550 X 54 
~;rz = 1980 pounds, the answer. 

Exampk 2.— The pull of a belt over a belt-pulley is F = 360 pounds, the ra- 
dius of the pulley is r ^^ 1-5 feet, making n =^ ,52 revolutions per minute. Re- 
quired the horse-power IT = ? transmitted by the belt. 

See formulas for circular motion. 

Frn 350X1-5X52 ^^^ 
^= "5250" = 6260 = ^'^ ^''"^«- 



Example 3.— How many workmandays k ^7 are required to raise a load of 
F = 729C8000 pounds, a height of S = 26 feet. 
, _ _F S _ 729680 00 X 26 
~ 1980000 1980000 ~ 911*212 workmandays, the answer. 





Dtnamical Formulas. 
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Dynamloal Foriniilas for Uniform Motion. 


Space in Feet passed through in the Time T. 


St:^ VT. 


s^_PT ^__bmTn 

F F 

Force or Pressure in Pounds. 


K 


-4. 


V s 


jj, 1980000fr 


S 




Velocity in Feet per Second. 




r.-J-. 


xr_ ^ ^__650 JT 
^ F' ^ F ' 

Time of Duration in Seconds. 


F- ^ . 
F T 


'■-4- 


P 650 jsr* 

Power in Effects. 


T^ ^ . 

F V 


P=zFV, 


P-^J- P-550J7. 
T 

Horse-power. 


T 


660 


rr F V „ F S 

^ 660 " 650^- 
)Vork in Footpounds. 


660 T 


K^FVT, 


K = PT. K = FS. 

Worhmandays. 


K = 660HT. 


^__ FVT 
1980000 


1980000 1980000 


3600 


p. 2 TT r n 
60 ' 


« _ 60 F , _ 60 F 
2 TT r 2 TT n 


S = 27:rN. 


p__F2'irrn 
60 


„ F2Trrn ^ Frn 

650X60 6250 


K = F27rrN. 


P_6250^ 
r n 


-, 60 iV 5250^ 

I = . n = ,,; 

n Fr 


F2nr 


n = revolutions per minute. r = radius of the circle in feet. 


iV= total no. of revolutions, tt = 3-14159265 


1 
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Observed Results of Power. 



OBSERVED RESULTS OF POWER. 



Description of works, 

A man can raise a weight by a single 
fixed pulley. 

A man working a crank, 

A man on a tread-wheel, (horizontal,) 

A man in a tread-wheel, (axis 24° from 
vertical,) , , , . . , 

A man draws or pushes in a horizontal 
direction. 

A man pulls up or down, 

A man can bear on his back, 

A horse in a horse-mill, walking mode- 



rately, 
do. 
An ox 

rately, 
A mule 
An ass 



do. 
do. 



do. 
do. 



do. 
do. 

do. 
do. 



running fast, 
walking mode- 
do. 
do. 



JTork 
hour* 

15. 


Ibrce. 


V»locity 

r 


6 
8 
8 


60 
20 
144 


0-8 
2-6 
0-6 


8 


30 


2-3 


8 
8 
7 


30 
12 
96 


2 

3-7 

2-5 


8 
6 


106 
72 


8 

9 


8 
8 
8 


154 
71 
33 


2 
3 

2-66 


Derhc 


>ur, re 


xiuires 



S 



40 
60 
72 



44-4 
237-6 



318 
648 



213 
87-4 



Flour Dlills. 

For every 100 pounds of fine flour ground per hour, requires 

One pair of mill-stones of 4 feet diameter making 120 rev. 
per minute, can grind 6 bushels of wheat to fine flour per hour. 

Do. rye to coarse flour, 

Saw Mills, alterativ*. 

For every 20 square feet sawed per hour, in dry oak, there 
requires, ^ ^ 

Dry pine 30 square feet per hour. 

Circular Saw. 

A saw 2-6 feet in diameter ; and making 270 revolutions per 
minute will saw 40 square feet in oak per hour, with 
In dry spruce, 70 square feet per hour. 
Threshing Machine. 

Velocity of the feed roUers at the circumference 0-55 feet 
per second. Diameter of threshing-cylinder 3-5 feet and 4i 
feet long making 300 revolutions per minute, can thresh from 
30 to 40 bushels of oats, and from 26 to 36 bushels of wheat, 

^^One man by a flail can thresh half a bushel per hour, (wheat.) 
Rolling Mills. 

Bar iron-mills. Two pair of rough rollers, two pair of finish- 
ine rollers, six puddle furnaces, two welding furnaces, making 
10 tons of bar iron per 24 hours, rollers making 70 revolutions 
per minute, requires , * x * 

Plate-miU requires about five horses per square foot of 
plates rolled. Largest size plate rollers should not make 
over 30 revolutions per minute. 



660 



1600 



0-072 
0*090 
0-180 

0-126 

0-109 
0080 



0-OT7 
0166 

0-658 
0-308 
0160 



1-000 



4-36 
2-91 



660 
660 



660 
660 



70 



1-000 
1-000 



1-000 
1000 



4000 
0-127 



29000 



80 



Dredgiho 'Machines^ 
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DEEDGINGf MACHINES. 

Letters Oenote. FornMOas. 

T =3 tons of materials excavated ^ 

and raised per hour. H=T /— — - +* ) - 

*«hight in feet in which the mar \^^ •' 
terials are raised above the 
bottom of the excavated 700 H 
channel. T=« — - 

k = 0-1 for hard clay with gravel. M^OO * 

t = 0*07 for hard pure clay. 

h = 0*1 )6 for common clay or sand. 550 ^ 

A =sO*04for soft clay or loose sand. Fa • • 

it = 0*03 for very loose materials. ^ 

H» horse power required for ex- 
cavating and raising thQ ma- ncQ 7% 
terials. F=' 

F= force in pounds required to ^ 

feet the Dredge ahead. 

V = velocity of the buckets in feet 
per second. 

Example 1. What power is required to excavate Ta-ieo tons of i^vl 
pure clay per hour, and raise it up A»26 feet above the bottom ofihe 
channel t For hard clay ^=30*07. 

H= 160 (~- +0-07) = 16-9, or 17 horses. 

Eaample 2. What force F=% is required to feet the Dredge ahead for 
the above example when the buckets move v=\ foot per second. 

660X16-9 «„«s . 

— ^ = 9295 pounds. 
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LEATHEE BELTS. 

Letters denote. 
h = breadth of leather belt in inches, 
H= horse power transmitted by the belt. 
V — velocity of the belt in feet per second. 
d = diameter in inches ) «# ♦»,« btt, ^n^^ci- \^^\¥ ntin^^ 

« = revolutions per mintute / °' *^« smallest belt pulley. 
F= force in pounds transmitted by the belt. 
a =* number of degrees occupied by the belt on the small pulley. 



dn 



H=: 



F= 



vF 
660 ' 

dnF 
' 126500 * 

126600H 
"dlT' 



7500H 
da 



6» 



5 = 



b = 



13-5 V F 

~dir' 

nF 
18-8* 

29nH 
va 



Example, Required the breadth of a leather belt to transmit a power 
•f n=76 horses over a pulley of 72 inches diameter, angle «=170^. 

Formulae 6. 6 — ?!^?XZ5 =454 inches, the answer. 

72X1TO 



166 Collision of Bodies in Motion. 

COLLISION OP BODIES IN MOTION. 

When bodies in motion come In collision with each ether, the sum of 
their concentrated momentum will be the same after the collision as 
before, but their velocities and sometimes their directions will differ. 

On the accompanying page the bodies are supposed to move in the 
same straight line, and the formula illustrates the consequences after 
collision. 

Letters denote, 

M and m = weight of the bodies in pounds. 

V and V = their respective velocities in feet per second. 

V and 1/ = respective velocties of the bodies after impact. 

K and k ^ coefficient of elasticity, which for perfectly hard bodies *=0 
and for perfect elastic bodies A:=l, therefore the elastic coeflftcient will 
always be between and 1. When the bodies are perfectly hard their 
velocities after impact will be common. 

ForJ^, K= " , Form, * = - 



3f(F— FO' ' miv-V) 

Example 1. Fig 191. The non-elastic body weighs JVf=26 pounds, and 
moves at a velocity ^=12 feet per second ; m=16 pounds, and v=9. Re- 
quired the bodies' common velocities, w'=1 after impact. 

^,^ jf^^^26X12+16X9 ^ ^,.33 ,^^, ^^^^^^ 
itf+m 26+16 ^ 

Example 2. Fig. 195. The perfect elastic body Jlf=84 pounds. F=18, 
m--^48, and v=27. Required the velocity ¥'=1 after impact with the 
body m, 

y^ 18 (84-48) -2X48X27 _ _ ^,^^ 
84+48 

the negative sign denotes that the body will return after the coUision 
with a velocity of 23*63 feet per second. 

Example 3. Fig. 196. The partly elastic body Jlf=38 pounds and F=79 
feet per second, will strike the body in rest »»=24 pounds ; what will be 
the velocity v'=? of the body m, its elasticity being A:'=0'6. 

79X38(1+0-6)^ feet per second. 

38+24 ^ 

When a moving body strikes a stationary elastic plane, its course of 
departure from the plane will be equal to its course of incident. 

^••^ 1 JU Problem. A body in a is to strike the plane 

^^^ ,^ AB BO that it will depart to the given point 6 ; 

^v^ ^^^ I required its course of incident from at 

A "^r '^D Draw ftd, at right angles through AB, make 

^ "x^ j cd=^bc join a and d; then ad is the course of in- 

"^* L/ oident, and eb. the course of departure, and the 

^^ body will str&e in c. 
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191. 

The bodies move in the same direction, 

v' QM+m) = MV+mv, 

, MV+mv 
M-{-m 



g" 

ft 






I 



QiJ'^ 



192. 

The bodies move in opposite directions. 

v' (M+m) = MV-^mv, 

MV — vw 
M+m 



.--\7r^o 



N^ /' 



193. 

Only one body in motion, 

v' (M+m) = MV, 
MV 



••^ 






194. 
T 



The bodies move in the same direction, 
V(M—Km)+vm(l+K) 
M+m ' 

MV (l+k)+Y (m—JcM) 
M+m 



r'=- 




JV^ 






F=:- 







195. 

The bodies move in opposite directions, 

V(M —Km)—vm(l+K) 

M+m ' 

MV(l+h)'-v(m--'kM) 

'''— M+m, ^ 

r9d. ] " 

Only one body in motion, 
V( M—Km) 
M+m ' 



F=- 



, VM(l+k) 
M+m 
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PILE DRIVING. 

Letter* denote, 
Mx= weight of the ram in pounds. 
S= fall of the ram in inches. 
m = weight of the pile in pounds. 
9 = space in inches which the pile sinks by the blow, 
r =' resistance of the ground iu pounds. 
as section area in sq. in. of the pile, sharpened to a i>oint not more 

than 46^ 
X; = coefficient for the hardness of the ground. 
h = depth to which the pile is driven. 
Yr» weight in pounds which a driven pile can bear with safety after 

the last blow when the pile sunk 8 inches. 
F= velocity in feet per second by which the ram strikes the pile. 
Ram and pilehead considered non-elasttc and perfectly hard. 



F«8yT . - 1 

r(Jtf-H»p 



IT- ^'^ 



6«(Jtf-H»)* 



8M/S ^ 



$ (ikf-H»)* 
vmakyh - 



Eaample 1. A wooden pile 18 feet Ion? by 12 inches square, driven 
h=l2 feet into common natural ground imbedded with tenacious clay for 
which may be assumed the coefficient A»60. Required how much the 
pile will set 8=1 into the ground at a blow with a ram of M=3600 lbs. 
falling 8=^42 inches. 

The weight of the wooden pile will be about f»=18X40s720 lbs. 

Area of the pile a=>i44 square inches. 

Resistance ra.i44X60/i2 »23840 lbs. 

The resistance sought from this formula 6, cannot be depended a];>oa 
for calculating the weight the pile can bear with safety. 

The set t = ^^^X^ii ^^.^^ inches. 

23840 (360(H-720)» 

Suppose the set to be «=4'23 inches at the last blow, required what 
weight the pile can bear with safety 1 

r^ 3««'X48 ^338, It,,. 

tfX4-23 (3500+720)' 

This can be depended on with safety, if calculated from the actual set 
of the pile at the last blow. 

For ordinary pile driving a heavy ram and short fall is the most effec- 
tive, but in some cases when the ground itself is elastic, or when driving 
Siles in pure sand it is found more advantageous to use a high fall of 
bie ram. 

The Author has written to several places for information on pile driv- 
ing, in order to establish a table for the coefficient k,- have received an- 
swers, but with no information. Hope to be able to give such a table in 
the next edition. 
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STEAM HAMMEE. 

A heavy steam hammer with short fall produces a better forging than 
a light hammer with a high fall, although the dynamical momentum 
may be the same in both oases. This is accounted for by the inertia of 
the ingot forged. 

The efitect of blows of a heavy hammer and short fall will penetrate 
through the metal and nearly with the same effect on the anvil side, 
while a light hammer and high fall will effect the metal on or near the 
surface of the blow, because most .of the momentum is in the latter case 
discharged in the inertia of the ingot forged. In forging large shaft it is 

f:enerally piled up with iron bars sometimes rolled into a segment form 
o suit the pile, when placed under the hammer in a welding heat, very 
light and gentle blows are first given, then, the momentum of a light 
hammer may be discharged in the bars nearest to the blow, while a 
heavy hammer will squeeze the whole mass together throughout and a 
sound welding produced. 

The additional expense of a heavy hammer Is ftilly compensated by 
the waste of labour and materials under a small one. I have often seen 
in broken shafts the bars in the centre as clear and unwelded as when 
first piled, which is a pure indication that the shaft had been forged by 
a too light hammer. ' Crank shafts fbr propeller engines forged under a 
light hammer, when brought to the Machineshop the best part of the 
metal is worked away by plaining and turning, and the poorest left for 
the engine, but if forged under a heavy hammer, the difference of quality 
of metal will not be so great. 
Cases of this kind are well known in the U. S. Navy. 

Weight of Steam Hammers. 

The weight of a steam hammer in pounds should be at least 80 tunes 
the square of the diameter of the shaft in inches. 



CEMENT, CONCRETE AND MORTAR. 

Roman Cemc»iit. Pofker^t analyHs. 

One part of common clay to 2^ parts of Chalk, set very quick. 

Concrete. Eight parts of pebble or pieces of brick about the size of 
an egg, to 4 parts of scrap river sand, and 1 part of good lime, mixed 
with water and grouted in, makes a good concrete. 

liime Mortar. One part of river sand to two parts of powdered 
lime, mixed with fresh water. 

Uydrallo Mortar. One part of pounded brick powder to two parts 
of powdered lime mixed with fresh water. This mortar must be laid 
very thick between the bricks, and the latter well soaked in water 
before laid. 

Uydralic Concrete, by Treussart. 

80 parts of hydraulic lime, measured in bulk before slacked. 

80 " Sand. 

20 «« Gravel. 

40 " Broken stone, a hard lime stone. 

This concrete diminishes about one fifth in volume after manipulation. 

Asphalt Composition for street pavement by Colonel Emy. 

a* pints (wine measure,) of pure mineral pitch. 

11 lbs of Gaugeao bitumen. 

17 pints of powdered stonedust, woodashes or minion. 
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FRICTION. 



I The resistance occasioned by Friction is independent of the veloci^ of mo- 
tion ; but the re-effect of friction is proportional to the velocity. Friction is in- 
dependent of the extent of surface in contact when the pressure remains the 
same, but proportional to the pressure. This law was established from experi> 
ments by Arthur Morin in the years 1831-32 and 1833, from which a sommary 
is contamed in the accompanying Table. 
I Letters denote. 

I a = Fibres of the woods are parallel to themselves, and to the direction of 
motion. 
b = Fibres at right-angles to fibres. ! 

c = Fibres vertical on the fibres which are parallel to the motion. i 

d — Fibres parallel to themselves, but at right-angles to the motion, length 
by length. I 

6 = Fibres vertical, end to end. * I 

Example. A vessel of 800 tons is to be hauled up an inclined plane, whidi 
inclines 9° 40^ i^om the horizon ; the plane is of oak, and greased with tallow. 
What power is required to haul her up ? 

The coefficient for oak on oak with continued motion is /« 0'097, say 0*1, 
then, 

800X8in.0O 40^ = 800X0*16791 « 124-328 tons, 
the force required if there were no friction, and 

8OOXCO8.90 40^X0-1 = 800XO-9868XO-1 = 78-804 tons, 
the force required for the faction only, and 
134-328 
78-864 

213*192 tons, the force required to haul her up. 
The effect lost by friction in axle and bearings is expressed simply by the 
formula 

_ ndWnf _ Wdnf 

^^ 12-60 ~ 230 » 
in which W= the weight of pressure in the bearing, d = diameter on which 
the friction acts in inches, n = number of revolutions per minute, and/ = co- 
efilcient of friction from the Table. In common machinery kept in good order 
the coefficient of friction can be assumed to/ = 0066, then 

Wdn „ Wdn 

" "SSSiT' "^ 1941505 

Example. The pressure on a steam-piston is 20000 pounds, and makes n » 40 
double strokes per minute. Required the McUon in the shaft of d ae 8 inches t 

fl-= ^^^^^^ = 8-3 horses, the loss by friction. 
Friction In Guides* 



W= pressure on the steam piston in pounds. 
8 = stroke of piston in feet. 
I = length of connecting rod in feet. 
fl"=* horse power of the friction. 

^^ WSn 



"350000 ^/5^_^• 
ExampU. The pressure on a steam piston being W = 30,000 pounds, stroke 

.^i^„ J*'*^^*''*f*L''5u''';.''®''^'''S """^ ^= ^ '■^^^ »°* ^^^^rig 60 revolutions per 
minute. Required the horse power of the friction fi^ = ? *^ 

jT 30000X 4X50 ,.,0, 

^ =3-5000075x7^.=^ ^ ^^ ^^^«- 



Prictiok. 



1(U 



TABLE OF FKICMON FOR PLANE SUBFACES IN OONTAOT. 


Kind tif Materials in coniact. 


LuJMcaitar 
vriOu 


ObtifficierUiti 
MotSan, \ StarUng, 


Oak on Oak, 










a 





0^78 


0-625 


M (( , 










M 


tallow 


0-097 


0-160 


M U 










s 


lard 


0-067 




« « , 













0-324 


6-640 


« It , 










M 


nnotuous 


0143 


0-314 


« « , 










M 


tallow 


0-083 


0*254 


M « , 










3 


water. 


0-25 




M « 













0-336 


• • •• 


m tt 
















0-192 


0-271 


M M 










« 







0-43 


Oast-iron on Oak, 








a 





o^wb 
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tsSbw 


0-214 
0-078 


6-106 


Wroneht-iron on Oak. 






t9 
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u « ' 






M 


tallow 
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Wrought iron, together* 






a 
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6-137 


(( it 






a 


unctuous 
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It tt 






n 


tallow 


0-082 


.... 


tt tt 






f» 


olive oil 


0-070 


6-116 


Wrought on oast-iron, 






a 
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0194 


(( t( 






n 


unctuous 


0-18 


0-118 


« (( 






» 


tallow 


0-103 


0-10 


tt tt 






» 


oUveoil 


0-066 


0100 


Oast-iron on east-iron, 






a 


water 


0-314 


0-314 


tt tt 






n 


soap 


0-197 




tt tt 






ft 
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tt ft 






it 


olive oil 
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Wronght-iron on brass, 
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Oasl^iron on brass, 
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Brass on brass, 
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.!!! 


tt tt 








tt 
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0081 


.... 


• - 1 


a 


olive oil 
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• '• 


FRICTION OF AXLES IN MOTION. 






Oa^TOi 


Viaw^arHosf 


sLord. 




DrywsUghay 
greasy,orfoeL 


Supplxoi 
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inVtA 
ry 
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liinuaUy 
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maim 


tr. 


rt 


mning. 


Brass on Brass, • • • 




0-07J 








" on castriron, - 


, , ,,, 
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-oid 


Iron on Brass, - • . 




0^1 


0-07S 




C 
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« oncast-iron, . 






0-07fi 
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■054 


Cast-iron on oast-iron. 
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** on Brass, - 
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0-076 
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-054 


Iron on Iignmn-Tit89i 




0-188 
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Cast4ron on ** 




0.186 


0-lOC 




c 


hoiM 


Lignum-yitn on cast-iron, 1 1 0-lie 


\ ( 


>-170 
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STRENGTH OP MATERIALS. 

Tabu I., shows the weight a colomn can bear with safety; when the wel^t 

Rresses through the length of the colamn. The tabular number is the weight 
1 pounds or tons per square inch on the transverse section of a oolnmn of 
a length less than 12 times its smallest thickness. 
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KM <if MaUriaU, 

Oik, of good quAli<7, • 

Oikk, common, . • • 

Spruce, red (Sapin rouge), • 

« white, (Sapin blanc), 

Iron, wrought - - - 

bon,cast, - - - - 

Basalt, . . - . - 

Granite, hard, • • • 

« common, • • • 

Marble, hard, . • • - 



Sandstone, hard, - • • • • 
" loose. 

Brick, good quality, - . . • 
" common, - - . - - 
Lime-stone, of hardest kind,- 

^ common, • • • > 

Plaster-Paris, 

Mortar, good quality, and 18 months old, 
Do. common, . • . • • 



Paunndt, 



Tcm. 



432 


0*1885 


280 


0-125 


640 


0-241 


140 


0-6266 


14«)0 


6^ 


28750 


12-85 


2875 


1-285 


1000 


0-446 
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0-286 


1436 


0-640 
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0-192 


1295 


0-677 


5-6 


0H)025 


175 


0^8 


68 


0-0259 


720 


0-821 


4S2 


0-193 


86 


0i)384 


58 


0-0259 


86 


0D16 



A 



When the length or height of the column Is more than 12 times its smallest 
thickness, divide the tabular weight by the corresponding number in this 
Table. 



LengthXthicknei 
Divide by 



IE" 
1-2 



1-6 



"35- 
2-8 



IT 
6 



4^ I 54 I <to - 
6 I 8 I 12 



ExampU. A building which is to weigh 2000 tons is to be supported by piles 
of Sapin rouge Spruce 18 feet in lengOi, and 12 inches diameter. How many piles 
are required to support the building? 

1 2«X0-785X0-241 ^ ^^ tons, the weight which each pile can b^r. 
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Fr«leit«r Hodgkinion*! Formula for Or«shing Atrensth of 
Cut Iron miari. 

The ends of the oillars should be perfectly flat and square, and the load to 
bear even on the whole surface. 
Tacrushiug weixht in tons. 
D-soutside and d inside diameters in inches. 
/ —length or height of pillar in feet. 

»•-«•» ( i» -) 
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BntSKOTH OF HAnBXAIS. 



Table H* 

COHESIVB STRENGTH PER SQ. INCH OF CROSS-SECTION. 







mth 


Bo/Wy. 




KindofMaieriait, 


Fioundt, 


Tons. 


Bmnds. 


Tom. 


198 


Cast Steel, - - • 


13425b 
183152 


69-93 
69-43 


33600 
33300 


14-98 
14-86 


Blistered Steel, • 






Steel, Shear, - 




128632 


66-97 


32160 


14-24 






Iron, Swedish bar, 




66000 


29-2 


16260 


7-8 






<* Russian, 




59470 


26-7 


14900 


6-7 






« English, 




56000 


26-0 


14000 


6-2o 






" common, over 2 in. aq., 


36000 


16-00 


9000 


4-0 






** sheet, parallel rolling, 
« at right angles to roU, 


40000 


17-86 


10000 


4-46 






84400 


16-36 


8600 


8-84 






Cast iron, good qualitj, • 


46000 


20-06 


11260 


6-00 






« inferior, - 




18000 


8-03 


4600 


2-0 






Copper, cast, - 
" rolled. 




82500 


14-87 


8130 


8-6 








61200 


27-2 


16300 


6-8 






Tin, cast,- - 




6000 


2-23 


12600 


0-66 






Lead, cast, 




880 


0-366 


220 


0-09 






« roUed, - 




8320 


1-48 


880 


0-37 






Platinum, wire, 




63000 


23-6 


13260 


6-9 






Brass, common, <> 


46000 


20-05 


11250 


6-0 






Wood. 














Ash, - - 




16000 


7-14 


4000 


1-87 






Beach, - 




11500 


6-13 


2875 


1-28 


J 


> 


Box, - - - 




20000 


8-93 


6000 


2-23 


r^ 


Cedar, - - 




11400 


5-09 


2860 


1-27 


/ \ 


Mahogany, 




21000 


9-38 


5260 


2-34 


/w\ 


Spanish, • 


12000 


6-86 


8000 


1-34 


/ \ 


Oak, American white, • 


11600 


5-18 


2876 


1-28 


/ \ 


« English «* 


10000 


4-46 


2600 


1-11 




« seasoned, - 




13600 


6-07 


8400 


1-62 




Pine, pitch, . 




12000 


5-36 


3000 


1-34 




« Norway, - 




13000 


5-8 


3260 


1-46 




Walnut, - 




7800 


8-48 


1980 


0-87 




Whalebone, - 




7600 


3-40 


1900 


0-85 




Hemp ropes, good, 




6400 


2-86 


2180 


0-96 




Manilla ropes. 




8200 


1-43 


1100 


0-49 




Wire ropes, - 




88000 


17 


12600 


6^ 




Iron chain, - 




66000 


29 


21600 


0-38 




« with cross piece 


8, • 


90000 


40 


30000 


13-4 







To Find tbe Co1&e«lTe Strengt1&« 

RuLB.-— Multiply the cross-section of the materials in square inches by Hhm I 
tabular number in Table II., and the product is the cohesive strength. 

Example. An iron-bar has a cros»«ection of 227 sq. in. How many tons •*• 
required to tear it asunder, and how many pounds can it bear with safety ? 

English iron 2-27X25 « 66-76 tons, which will tear it asunder, and it will Lear 
with safety 

2-27X14000 » 81780 pounds. 



Chaiks, Hemp and Wire Ropes. 



16 



Safety 


luchet audlGtht.,, 


proof. 


Ghain, 


Hemp. , Wire. 


~Cwt. 


Diam. 


Ciro'm. Circ'm. 


1.3 


1 


010 


0-4 


4-6 


2 


1.6 


OS 


10 


3 


2-1 


0-12 


18 


4 


2-12 


11 


28 


6 


3-7 


1-6 


40 


6 


4-2 


110 


65 


7 


4-15 


1-14 


69 


8 


6-8 


2-2 


SO 


9 


6-3 


2-6 


94 


10 


6-14 


2-11 


109 


11 


7-9 


2-15 


127 


12 


8-4 


3-3 


147 


13 


8-15 


3-8 


168 


14 


9-lQ 


3-12 


*^99^ 


' 15 


10-5 


4-1 


220 


1 i^- 


11- 


4-6 


246 


1-1 


nil 


4-11 


278 


1-2 


126 


5 la. 


302 


1-3 


13-1 


5-5 


332 


1-4 


13-12 


5-10 


365 


1-5 


14-7 


6 In 


399 


1-6 


15-2 


6-5 


435 


1-7 


1515 


6-10 


472 


1-8 


16-8 


6-15 


553 


1-10 


17-14 


7-10 


638 


1-12 


19-4 


8-4 


729 


1-14 


20-10 


8-14 


825 


2 ia 


22- 


9.8 


1072 


2-4 


24-12 


10-12 


1288 


2*8 


27-8 


12 in. 


1559 


2-12 


30-4 


13-4 


1854 


3 ia. 


33- 


14-8 



Will. 


per fathom. 


Price per f athom.„uuin,a 


Chain. Hemp, i Wire. 
Pouudd Founds Founds 


Chain. 
$ ct«. 


Hemp. 


Wire. 


Strain, 


$ OtB. 


$ eta. 


Owt, 


0-23 


0-08 


0-06 


0-16 


0-06 


0-08 


26 


0-93 


0-47 


0-24 


0-25 


0-12 


0'15 


9 


2-11 


1-06 


0-54 


0-36 


0-17 


0-22 


20 


3-75 


1-89 


1-10 


0-48 


0-25 


0-32 


35 


5-86 


2-94 


1-83 


0-60 


0-33 


0-43 


55 


8-45 


4-52 


2-56 


0-96 


0-42 


0-54 


80 


11-5 


6.09 


3'-42 


1-25 


0-48 


0-62 


109 


15-0 


7-55 


4-39 


1-44 


0-60 


0-78 


138 


18-8 


9-56 


5-48 


1-60 


0-76 


0-90 


160 


23-0 


11-8 


7-00 


1-86 


0-95 


1-20 


218 


27-7 


14-3 


8-38 


2-16 


1-14 


1-50 


187 


33-0 


171 


9.90 


2-43 


1-37 


1-80 


254 


38-5 


19-9 


11-9 


2-70 


1-60 


2-10 


293 


44-7 


23-1 


13-6 


3-06 


1-85 


2-28 


335 


51-1 


26-3 


16-0 


3-70 


2-10 


2-46 


397 


58-0 


80-2 


18-6 


4-33 


2-42 


2-73 


440 


65-6 


34-1 


21-3 


4-68 


2-73 


3-10 


492 


73-7 


38-2 


24-2 


5-58 


3-06 


3-50 


545 


82-1 


42-6 


27-4 


6-86 3-40 


3-91 


604 


91-0 


47-1 


30-7 


6-42 3-77 


4-35 


663 


100 


52-0 


35- 


7.08 4-16 


4-89 


730 


110 


571 


38-7 


7-75 


4-57 


5-35 


798 


120 


63-4 


42-6 


8-42 


5-07 


5-86 


869 


131 


67-9 


46-7 


915 


8-44 


6-35 


944 


154 


79-8 


56-4 


10-07 


6-38 


7-63 


1105 


178 


92-6 


66-0 


12-38 


7-40 


8-83 


1275 


205 


106 


76-5 


14-15 


8-48 


10-00 


1457 


232 


121 


88-0 


16-00 


9-70 


11-50 


1650 


293 


153 


112 


20-75 


10-25 


14-60 


2141 


363 


189 


140 


25- 


1510 


18-00 


2575 


438 


229 


172 


30-25 18-30 121-80 


3117 


522 


272 


205 


36-00 


21-80 


26-90 


3708 



The prices of the chains are taken from that in England and added & 
per cent. Price of hemp ropes from Weaver, Fitler & Co., Rope manu 
faoturers, Philadelpjiia. The prices of Wire ropes are deduced froi 
the price list of John A. Roebling, Patent Wire Rope Manufacturei 
Trenton, N. J. 

l^e Safety proof is here taken one half of the ultimate strength whici 
may he trusted on for new ropes, but when much in use only one quarte 
or less ihould be trusted upon for safety. 



OABUB IMB AROHOBS. 



GABLES AND ANCHORS. 



:ablh shewing the sizt of QibUs and Anchors proportioned i 
Vessels, 



I ihe HotMOffe ^ 



in inehes. 



Vessels, 
5 
8 
10 
IS 
S5 
40 
00 
76 
100 
130 
150 
180 
200 
2(0 
270 



400 
440 
480 
520 
670 
620 
680 
740 
820 
900 
1000 



3- 

4- 

4* 

6-i 

6« 

6* 

7- 

7-* 

8- 

9* 

n 

10* 

11' 

12* 

12-* 

13-* 

14' 

14* 

15-* 

16- 

161 

17- 

17-i 

18- 

19- 

20- 

22* 

24- 



Chain OMes 

Diameter in 

inches. 

• 5 

•¥ 
■ff 

¥ 
. 5 

• 3 

•41 

:k 

in 

1* 1 
1* ^ 



1' 

1' 
1 
1* 



1 

9 

IT 
5 

2- 



Proof 

in 
tons. 

'i 

II 
2-* 
4' 
5. 
6- 
7- 
»• 
10- 
12- 
14- 
16- 
18- 
20- 
21- 
22-4 



80' 
33- 
36- 
89- 
42* 
46- 
49* 
62- 
66- 
60- 



Weight of . 
Anchor in[ 
poundt, 
66 
84 
112 
168 
224 



616 
700 
840 
962 
1176 
1400 
1466 
1680 
1904 
2072 
2240 
2408 
2800 
8360 
8920 
4200 
4480 
6600 
6720 
7168 



Weight of . 

fathom of \ 

Chain. 

6-4 I 

8- 

u- 

14- 
17- 
24- 
27- 
30» 
36* 
42- 
60- 
66r 
60* 
70- 
78- 
86- 
96- 
104- 
116- 
125« 
136- 
144* 
162- 
161. 
172- 
184- 
196- 
208- 



Weighiofa 
faikonof 

OjWm. 
I 2-1 
4? 
4*8 
6-5 
8-4 
9-8 
114 
13* 
IS- 
18-9 
21* 
26<r 
28*2 
83-6 
86-4 
42-5 
45-T 
49* 
66- 
59*5 
63*4 
67-2 
71-1 
75-6 
84-2 
93-3 
112-9 
134-6 



Th« proof in the U. S. Naval Service is about 12i per cent, leas than the abort 
fer the larger sizes, and from 25 to 30 per cent, for the smaller. 

The results of experiments at the U. S. Navy Yard, Washington, D. 0., glra 
for the cohesive force of chain iron, per square inch, as follows: 



Mean of experiments with good iron, 
Mean of experiments with best iron. 



41000 Iba. 
46000 lbs. 



Weight and SHBnrxnio op Castinos. 



i«r 



To ilnd the weight of Castlnnftf 1»|r the weight of 
Pine Patterns* 



Multiply the weight 
Of the Pattern by 



RULE. 

12 for Cast Iron, 

13 " Brtuw, 
19 « Lead, 
12-2 « Tin, 
11-4 « Zinc, 



Sand the product in the 
weight of the CastingB. 



BeducHons for Bmmd Oore» and Chn^prints. 
BuJa. Multiply the square of the diameter by the length of the Core !n 
inches, and the product by 0-017, is tlie weight of the pine core, to be deduc- 
ted from the weight of the pattern. 

Shrinking of CMtlngt. 





Cast Iron, i - , 




( Brass 
Pattern Makers' Rule \ j^^* 


Y ^ longer per Linear 


should be for t jpj^ 


Vi 


Foot 




^ Zinc, 


l\ ^ ^ 






Weight and < 


Dapaeity of Balls* 


OiuMtar is 


Capacity iaeobk 


CAST raoN. 


LEAD. 


inrhes. 


incbei. 


Fbaads. 


PWindi. 


1- 


•5235 


•1366 


•2147 


1* 


1-7671 


•4607 


•7248 


2- 


4-1887 


1-0920 


1-7180 


2*^ 


8-1812 


2-1328 


3-3554 


8- 


14-1371 


3-6855 


6-7982 


8i 


22-4492 


5-8525 


9-2073 


4' 


33-5103 


8-7361 


18-744 


4i 


47-7129 


12-4387 


19-569 


5- 


65-4498 


17-0628 


26-843 


5i' 


87-1137 


22-7206 


35-729 


«• 


113-0973 


29-4846 


46-386 


6-i 


143-7932 


87-4528 


68-976 


7- 


179-5943 


468203 


73-659 


7-i 


220-8932 


67-5870 


90-598 


8- 


2680826 


69-8892 


109-952 


8-^ 


321-5550 


83-8396 


131-383 


9- 


381-7034 


99-5103 


156-553 


9'h 


448-9204 


117-0888 


184-121 


lo- 


623-5987 


136-5026 


214-749 


ll- 


696-9098 


181-7648 


285-832 


12- 


904-7784 


235-8763 


371-096 


13- 


1150-346 


299-6230 


471-806 


14- 


1436-754 


874-5629 


589-273 


15- 


1767-145 


460-6959 


724-781 


16- 


2144-660 


559-1142 


879-616 


17- 


2572-440 


670-7168 


1055-066 


18- 


3053-627 


796-0826 


1252-422 


19* 


3591-363 


936-2708 


1472-970 


so- 


418S-790 


1092-0200 


1717-99« 



Its 



Wrought Iron Beams. 



W= 



LATEEAL STRENGTH. 

For wrought iron beamSj letter* denote. 

weight in tons with safety, uniformly distributed on a beam rest- 
ing on two supports. 

5 =s compressive strain in tons per square inch of top 0*6 ^a+•^.^ 

As section area in square inches of top and bottom flanges of the 

beam. Top and bottom flanges to be alike. 
a'= section area in square inches of web or stem. 
h = height of beam in inches. 
I = length in feet between supports. 
/= deflection in inches of the beam in the centre, when the weight is 

uniformly distributed. 
p =t weight in pound per square foot of flooring to be supported by the 

beams, which in ordinary cases is estimated to P='140 lbs. 
B — distance in feet between the beams. 
Iff =3 weight of the whole beam in pounds. 






w= 



srh f 



W» 3-384 U<H-«'-) 



/= 



46 A» (3 o+a') ' 
4eA* 



2240W 



2ZwW 

~~bT' 



Formula 6 gives the safety deflection of a wrought iron beam, which 
should never be exceeded. 

Example. A flooring of 1=32 feet by 60 feet long to be constructed to 
support P= 176 pounds per square foot. Required what kind of beams 
and how many are necessary I and what will be the cost of them t 

In the table will be found the nearest star to 32 feet span is a 12 inch 
beam bearing W^S'll tons, when the distance between the beams in 
the flooring will be, 

Formula 7. J8 = ^^?><2l'!l = 3-6 feet. 
^ 176X32 

Number of beams » 1=>16 about. 

3*6 ■ 
Add one foot to each beam for the supports at the ends, and the cost 
will be, 33X16X1-90=1003-70 dollars. 

The following Table contains sections of iron roiled by the PhoBoix 
Iron Company. Office 410 Walnut Street, Philadelphia. 

Rales. 

ITie price per foot multiplied by 6280 gives the price per mile. 

The weight in pounds per foot multiplied by 2-36 gives the weight in 

«Z«^ P«^°®4. P*^J°°* multiplied by 2240 and divided by the weight in 
pounds per foot gives the price per ton. 



STRENQTH OF DIFFERENT SECTIONS OF WROUGHT IRON BEAMS. 1^ 



Strength of different Sections of Wrought Iron Beams 





Made by the Phamiat Iron Company .for Sustaining uHih Safety 
a Load Uniformly DistribuUd. 






Compound Girders. 




Solid Rolled Beams. 




Dis. 


800 t67 1 653 


« *•• 


3»t 80i 168 . 84 


Twr *• 


bet. 


TT^y 


W^-j- 


^="r 


^=T- 


W^j- 


^=-r 


W^-^ 


VY^- 


w^^- 


sup 


A»18 i. 


h^lb i. 


'«=-12 i 


h^ib i. 


A=>12l. 


A=9 i. 


A=9i. 


h^l i. 


h = G i. 


feetT 


tons. 


tons. 


toni. 


ton«. 


ton*. 


toni. 


tons. 


tons. 


tons. 


10 


80-00 


66-67 


56-33 


49-00 


29-60 


30-80 


16-80 


8-40 


4-80 


12 


66-66 


55-56 


44-44 


40-83 


24-66 


25-69 


14-00 


7-00 


4-00 


14 


67-14 


47-61 


38-09 


35-00 


21-14 


22-05 


12-00 


6-00 


3-43* 


16 


50-00 


41-67 


33-33 


30-63 


18-50 


19-25 


10-50 


5-25 


300 


18 


44-44 


37-04 


28-52 


27-22 


1644 


17-11 


9-33 


4-66 


2-66 


20 


40-00 


33-33 


26-66 


24-50 


14-80 


15-40 


8-4o 


4-20 


2-40 


22 


3636 


30-30 


24 24 


22-27 


13-45 


14-00 


7-63 


3-81* 


2-18 


24 


33-33 


27-77 


22-22 


20-42 


12-33 


12-85 


7-00 


3-60 


2-00 


20 


30-77 


25-64 


20-05 


18-85 


11-38 


11-87 


6-46 


3-23 


1-84 


2S 


28-57 


23-80 


19-05 


17-50 


10-57 


11-00 


6-00* 


3-00 


1-71 


30 


26-66 


22-22 


17-77 


16-S3 


9-86 


10-26 


5-60 


2-80 


1-60 


5? 


25-00 


20-83 


16-66 


15-31 


9-25 


9-62 


5-26 


2-62 


1-50 


34 


23-53 


19-60 


15-65 


14-41 


8-71* 


9-06* 


4-94 


2-47 


1-40 


36 


22-22 


18-52 


14-26 


13-61 


8-22 


8-55 


4-66 


2-33 


1-33 


38 


21-05 


17-37 


14-00 


12-90* 


7-80 


8-11 


4-42 


2-21 


1-26 


40 


20-00 


16-66 


13-33 


12-25 


7-40 


7-70 


4-20 


2-10 


1-20 


42 


19-05 


15-87 


12-70* 


11-67 


7-05 


7-34 


4-00 


2-00 


1-14 


44 


18-18 


15-15 


12-12 


11-13 


6-72 


7-00 


3-81 


1-91 


1-09 


46 


17-37 


14-48* 


11-44 


10-66 


6-43 


6-70 


3-65 


1-83 


1-04 


48 '16-66 


13-88 


11-11 


10-21 


6-16 


642 


3-50 


1-75 


1-00 


50 

Per 


16-00*' 13-33 10-66 


9-80 


5-92 


616 ' 3 36 ' 1-63 
60 lbs, 29Blbs^ 20 lbs. 


•96 


IS lbs, \ nibs. 69 6 lbs 


47-8 Z6« 


iOlbs, 


12 3 lbs. 


Foot 1 $4-68 1 $4-26 $3-&7 


$2-40 


$1-90 $2-40 $1-60 $1-00 


$0.66 



The above Table gives the weight in tons, sustained by the several 
kinds of beams, uniformly distributed over them as in a floor. The 
weights given are what may be used in practice, being only 9 tons per 
square inch of that part of the metal subjected to a crushing force. 

Under these weights the beams are within the limits of perfect elas- 
ticity, and the deflections are therefore in direct proportion to the load. 

If it be intended to apply the entire weight at the centre, the figures 
in the Table must be divided by two ; if at any other point, the weight 
at the centre is to the weight at any other point, as the square of half 
the beam is to the rectangle of the two parts from where the weight is 
applied. The prices are subject to changes of the market and agree- 
ment. 

* "When the span of the flooring is given, the star in the Table gires 
an approximation to what beam ought to be employed ; for instance, 
1^38 feet span should have beams of A="15 inches high, able to bear 
W^12'9 tons uniformly distributed. 



170 Dimensions 


Weight, and Pr 


[CE OF 

ety of 


ROLLED IKOH. 




' Angle 


iron. 1 


Vari 


Forms. jPrice | 


Per Foot 


BecUon. 


Area. 


Wt,p.ft. 


Wtp.MIIe. jPerFL 


Inches. 


Ibi. 


cents. 


Figure. 


Sq. lu. 


Iba. 


Tomi $ eta. 


A('*+li) 


1-77 


6-13 


II 


7-4 


25 


117-86 


0-56 


1 (li+lJ) 


2-32 


6-74 


tSL 


5-9 


20 


92-7 


0-45 




2-09 
3-49 
3-17 


6-07 
10-1 
8-60 


3 i 

i 1. 


7-1 

• 
1-95 


24 

6-6 


113.14 
81*45 


0-54 
0-16 


1(2+2) 


4-69 


13-3 


sffc ■ 


5-41 


18-3 


86-43 


0-45 


/5(2i+24) 


4.97 


14-4 


6 ''^~< 


4-44 


15 


70-71 


0-37 


jT,(2i+2i) 

1(3+3) 
i(8+3) 

1 (8i+34) 


6.84 
7-13 
9-32 


19-9 
20-7 
27-1 


8 ^H 


4-22 
7-00 


14-3 
23-6 


67-76 
111-57 


0-36 
0-58 


8-40 


24-4 


Ilj 


5-32 


18 


Ohair. 


0-72 


r\(3i+3l) 


12-2 


34-9 


9-66 


32.6 


Channel. 


1-16 


/«( *+* ) 


11-2 


32-5 


ul—l 


6-41 


18-3 


Channel. 


0-65 


i(*+*) 


15-5 


45-0 


nl 


2-66 


9 


Purlin. 


0-36 


ShipFrames. 






14 K 

16*~"» 


2-66 


9 


T iron. 


0-32 


i-«+T»5-2i 

i-3i+^5-4i 
/,-3+|-5i 


2.5 

4-36 

6.68 

8.85 

110 


7-95 
13-8 
21-2 
28-1 
35-0 


0-65 
0-50 

0-89 
2-07 


2-2 
1-7 
3 

7 


Window- 
Sashes. 
Sash bar. 
Shoe. 


12 

12 

12 

0-25 


|.4+,V« 


16-4 


51-0 


18«ilk» 

•I 

"I' 


6-66 


22-5 


Girder. 


0-80 


Thii 
the foi 
up. T 


3 is the beam for which 
mulas and table are set 
op and bottom are alike. 


Thi 
made 
about 


1 compound Girder is 
to order of any siae, for 
6 cents per pound. 








1. 


«» 
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LATERAL STRENGTH OF MATERIALS. 

The formulas for lateral strength are here reduced to the simplest pos- 
sible form, and are in consequence subject to conditions which must be 
particularly attended to. Jp. calculating the strength of beams of ii^ 
regular sections as shown by the figures 210 to 217 on page 173, It is neces- 
sary to maintain the proportions marked on the figures and the calcu- 
lation will be correct. For the sections 206 to 209 any proportion will 
answer in the formulas. The weight of the beam itself has not here 
been taken into consideration, for which allowance must be made if 
considerable. 

Lettert denote, 

I » length of beam in feet. See figures. 

A = height, &=breadth or thickness in inches of the beam, where the 

strain is acting, 
jb s coefficient for the difflerent materials and sections of beams, to be 

found in the tables. 
w m> modulus of elasticitr of materials. See Table. 
/ = elastic deflection in inches. 
TTs weight in pounds which the beam can bear with safety, being 

about one quarter of the ultimate strain at which the beam 

would break. 
E^mple 1. Fig. 200. A rectangular beam of oak fastened in a wall 
projects out Z=6 feet 4 inches, h=S inches, and b=6 inches. Required 
what weight it can bear on the end W==t 

W^ »)X6X8^ ^ jgog pounds, with perfect safety. 
6'333 

Example 2. Fig. 201. A beam of section fig. 211, with thickness &=1*2S 
inches, neight A =22*5 inches, supported at the two ends in a length '=86 
f)eet. Required what weight W—t it can bear in the middle. For cast 
iron coefficient ib=260. 

y^4XaaOXl-»»X!Bg'^a„,.,l^.„„.8 ton, nearly. 
26 

Example 8. Required the elastic reflection for the same beam and con- 
dition as in the fbregoing example) See Table, modulus of elasticity 
2=2286 for cast iron. See page 176. 

/=. 26326X2^1 ^ g^ inches, nearly. 

•' 16X2286X1-26X22-6' * «it;i»«y. 

Example 4. Fig. 204. A wrought iron girder of section fig. 217, consist- 
ing of four angle irons of a=3-6X0*6X2X4=14 square inches, the plate 
being 0*6:1 '36 =0-37 inches thick, and A=18 inches deep by I =22 feet. Re- 
quired how much weight evenly distributed the girder can bear with 
safietyl 

^,8X800X14X18 _,33^ ,^, _3^^ ^^ 
22 

If plates being riveted to the angle iron at top and bottom, add that 
area to a. 

Example 6. Fig. 222. The crank 22=3*6 feet, force F=3860 lbs., length 
of the shaft Z=64 feet, diameter 1)^6*26 inches. Required the twistibg 
in degrees. The shaft being of wrought iron for which 0=41 10. 
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200. 



w^ti^. ■♦•T+n 



/=-— j-n-. elastic set in inches. 



xbh* 



201. 



I 4to n -»- 



/= 



TFr 



16 ar 6 A» 



elastic set in inches. 



m\ 



ZHL' 



-Tf 



TTV / jir-Ti- > 



THT 



S 



202. 



Tr= 



8ifc 6A» 



/= 



T~' 



W? 



W: 



w? 



32 a: 6 A« 



4 m n ^ 



elastic set in inches. 






TTT 



=0:: 



203. 

I ^ 2 jfc 6 /i« 
; TF=— = — » 



■♦•T+D 



5 W P 
f=:-7i — —fT i elastic set in inches. 



2xbh* 



w 



S< 




204. 



Tr= 



8A;6A« 



/ 



5 TT /* 
/=^^? — m* elastic set in inches. 

oZ X n 



205. 



pr== 



16 A; 6 A« 



/ 



T 



5 Tr/» 

/=^-; — j-rx . elastic set in inches. 

d4 X A 



Different Fobms of Beams.. 
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206. 

Coefficient h. 

Cast iron, 150 
WroHiron, 120 
Wood, 30 




212. • 

Coefficient h 

Cast iron, 236 
Wro'tiron, 189 



207. 

Coefficient k. 
Cast iron, 150 
Wro'tiron, 120 
Wood, 30 




S3: 

Coefficient k. 

Cast iron, 250 
Wro'tiron, 200 



208. 

Coefficient k, 

Cast iron, 88 

Wro't iron, 70 

Wood, 18 

6 A'=i)'. 




214. 

Coefficient X;. 

Cast iron, 700 
Wro't iron, 660 



209. 

Coefficient h 

Cast iron, 88 

I Wro't iron, 70 

Wood, 18 




215. 
Coefficient k* 

Cast iron, 900 



■X 



210. 

Coefficient k, 

Wro'tiron, 700 

b le^a h. 



<6l> 



. IBl 

LT 



16* 



j211. 

Coefficient k. 

Cast iron, 260 
Wro'tiron, 208 



•D 



216. 

Cast iron tnbe, 

k=:SOO. 



T 



217. 

k=:SOO, 

bh^=ah, 

ocsareaof all 
the four angle 
irons in square 
inches. 



n4 
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218; I 

A beam fixed in one end and loadecE 
at the other, should have the form of a 
Parabola, in which Z= abscissa and A=s 
ordinate. y= depth, «=length from. TF. 



3^=K/ir' 



219. 



khh* kbh* 



Tr=x == 



I cos.v 





220. 



Tr= 



Z6hhh» 



I 



Divide the length into 24 equal parts,! 
place 14 in the middle and 5 at each end.; 



221. To cut out the stoutest rectangular 
beam from a log. 

1st case, divide the diameter in 3 equal 
parts, and draw lines at right-angles as 
represented. 

2d, divide the diameter in4equal parts. 

1, 6=s 1-414 6, non-elastic. 

2, A=l-73 6, elastic beams. 



222. 

8 /F~R 8 / H 



Twisting in degrees = 



42HFRI 



223. ^ -. 

8 rff 

^ X n 

2233000 £ I 
Twisting in degrees = — g; — 
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Stbshoth or MimtiAu. 



Abolute and Ultimate Strength of material!. 

Kind of Materiala. 



Wrought iron 

Cast iron. 

Cast steel, soft, - 

Cast steel, hardened, 

Blistered steel, BOft, 

Brass, 

Copper, 

Zinc, 

Tin, - - - 

Lead, 

Ash, ... 

Hickory, - 

Chestnut, sweet, 

Oak, white, - 

Oak, English, - 

Canadian OaK, 

Fine, white. 

Yellow, pine, - 

Teak, - - - 





Coejicientk. 




Safety, 


Inter, 


Pr.cir. 


VUinuUe 


120 


162 


240 


488 


150 


200 


300 


600 


385 


619 


170 


1540 


1050 


1400 


2100 


4200 


176 


233 


350 


700 


68 


75 


113 


226 


63 


71 


106 


212 


16 


20 


30 


61 


17 


23 


34 


69 


4 


6 


9 


18 


46 


66 


86 


170 


67 


90 


136 


270 


42 


66 


86 


170 


60 


66 


100 


200 


26 


83 


60 


100 


37 


49 


73 


147 


34 


46 


67 


135 


38 


50 


75 


150 


61 


68 


102 


206 



ElatticU^. 

X 



4110 
2286 
4300 
6000 
4200 
1280 
2160 



100 
221 



300 
248 



316 



The absolute safetv weight is here taken one quarter of the ultimate 
breaking weight, but when the weight is acting at short intervals one 
third might be relied upon, or in pressing circumstances one half, when 
the materials in the beams are Known to be of good quality ; but the 
latter never to be exceeded. 



BRICKS. 

Dimensions. 
Common brick 8X4iX2i inches — 85 cubic indies. 
Front brick 8iX4iX24 „ -92-8 „ „ 
When laid in a wall with cement it occupies a space of 
Common brick 8iX4iX2f inches = 102 cubic inches. 
Front brick 8iX4}X2l „ - 111 „ „ 
Welfibt and Bulk of Bricks* 









Number of bncka, 


Tons. 


Pounds. 


Cub. feet. 


by itself. 


in wall with cement 








C. Brick. 


F, Brick. 


C. Brick. 


F. Brick. 


I 


2240 


22-4 


448 


416-6 


381 


347 


0-04464 


100 


1 


20 


18-6 


17 


151 


2-23 


6000 


60-00 


1000 


930 


850 


772 


2-4 


6376 


53-76 


1075 


1000 


914 


834 


2-62 


6872 


58-72 


1130 


1100 


1000 


913 


2-88 


6451 


64-61 


1240 


1200 


1100 


1000 



WOOD. 

A Cord of wood is 4 feet wide, 4 feet high, and 8 feet deep 
128 cubic feet. 



BOUir-TlIBBASS. 
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Proportion of Scr«iv-Tlix«AtI(t« IViil^ niul BoltliCNitlB. 



&(;rew fjM-r itifh.j ^f ron^ of flat. 
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■J So 
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f.J 1(1 


l>i 


-210 


OfJTO 


■3/S 


Ifl 


-2y4 


-OOTS 


■T/IG 


U 


'344 


-ODSO 


If'I 


13 1 


^400 


-tXJUfl 


»y/io 


12 


-454 


0104 


'6/S 


11 


■hvn 


-0113 


■;i/4 


10 


■Gm 


-0125 


■7/6 


fl 


■7(n 


■014(1 


1- 


8 


-837 


■uifie 


i;/? 


7 


'W40 


-OlJiO 


V1J4 


7 


I'OflS 


■01^ 


1-3/8 


6 


MOO 


■0211} 


rj/a 


G 


l-S,'^ 


-01:10 


1-5/8 


5-1/2 


l'3hU 


■02;.7 


1-3/4 


5- 


Vim 


'0260 


1-7 /a 


fi. 


IfilS 


-02£0 


^ 


41/2 


K13 


02MI 


^'1/4 


44/S 


1-U02 


-02«0 


li]/-i 


4> 


2'175 


-0310 


2-3/4 


4- 


2-4^20 


-ftiliJ 


3* 


31/2 


E-tKiS 


■ffij:>7 


31/4 


31/3 


2'ii76 


-0^57 


31/2 


31/4 


aiOQ 


-Oiti;4 


3-a/4 


3^ 


a-317 


■0410 


4- 


3^ 


S'sno 


-L>410 


4-1/4 


^ir^ 


3'7i'>( 


'0436 


41/2 


2:3/4 


•ivs: 


'04fiO 


4'3/4 


^5/B 


4-2j3 


-04*0 


r^- 


21/2 


44*i0 


■a'ioo 


51/4 


21/2 


4-730 


-a'W] 


hi J -2 


2-3 /« 


4'i^ii^ 


'052C 


ti'^fi 


2-3/8 


i'SM 


'0620 


f^ 


M/4 


6'423 


'0555 






■ 1/4 
■19/54 
-ll/:}2 
-25/&1 

- 7/ia 
'31/114 
17/33 

- 5/ti 
'3:5/351 
'K.«/ia 

1'3/:K2 
1-3/16 

1-S/H 
1-15/32 
10/M 
l-U/4 

ijrj/ie 

2-1 /W 
iSjlD 
2-1/2 
2-]l/l*J 

2-T/H 

:i-i/io 

3 1/4 

3'7/lC 

3-fi/H 

3'13/ifi 

4- 

4-a/lG 

4-3/S 

49/10 



\^ 


IJP 


^ 


'tiflO 


1/2 


-n/10 ' 


-ii/1^ 


-ltJ/32 


'13/10 


-'JS/32 


11/1(3 


'31/32 


■J3/48 


-25/ ^'i 


1-1/ifi ; 


1- 


-7/ti 


11/4 1 


1-7 /f4 


31 /.'iS 


r5/i6 


1-7/32 


l-l/lO 


11/2 


17/1« 


M/4 


13/4 


1-21/32 


1-7/10 


2*1/32 


1-7/8 


I'ft/B 


2'rj/l(5 


2^3/32 


1-13/10 


2-T/2 


2'ri/lfl 


2- 


2-J7/3:i 


2-1/2 


1*3/10 


^a/10 


2-Afi 


2'3/>l 


a-3/N 


IlfifU 


2-0/10 


^'^-^^^ 


3':ij'lfi 


^3/4 


3-1^^/32 


3-13/ a2 


£-15 no 


4-3/10 


^■G/8 


3'1/H 


4'7/IR 


4-1/10 


31J-2 


4-ESl/a2 


4-1/2 


3-7 /« 


5*1/2 


4'2SJ/32 


41/4 


e- 


5':^/(> 


4-5/8 


0-0/10 


ri-3/4 


fi- 


7-1 /K 


e-7/ft4 


6*3/8 


7-5/s 


€-5/ 8 


5-3/4 


S3/10 


7-;s/(^ 


O-l/S 


8 ii/na 


7 1/2 


*^^l/2 


9-1/4 


7-31/32 


B'7/« 


0'3/4 


K-3/S 


Vl/4 


10'S>/32 


8-1 r!/ 10 


7*5/S 


lLJ-13/lfl 


0-1/4 


S- 


ll'3/>i 


u-n/in 


fr3/a 


ll-20/:i2 


10'1/-¥ 


8':^/+ 


li3rT/10 


lO-EJ/lO 


5M/S 


12'^P/10 



Mr. "Whitworth makes the angle of the threads 66°, with round top and bot- 
tom ; whilst William Sellers makes the angle of the thread 60*^, with flat top and 
bottom, and of the following proportions, which are recommended by a special 
committee appointed by the Franklin Institute of Philadelphia. For full infor- 
mation see Journal of the Institute, May, 1864, and Jan., 1865. 
Notation of letters. AU dimensions in inches. 



JP => outside diameter of screw. 

d = diameter of root of thread, or of 

hole in the nut. 
p = pitch of screw. 
J = ntmiber of threads per inch. 
/ = flat top and bottom. 

outeide diameter of hexagon nut 

or bolthead. 

yu D + 10 — 2-909 



P=- 



16-64 



inside diameter of hexagon, or 
side of square nut or bolthead. 
s = diagonal of square nut or bolthead. 
h =3 height of rough or unfinished bolt- 
head. 
The height of finished nut or bolt- 
head is made equal to the diameter D 
of the screw.* 

< = —. « = 1-414 ». 

P 



d=D- 



1-299 



3P 1 

' 2 "^ 8 



o = 1-155 i. 



/-f- 



• Whitworth makes the height of the nut about half the hexagon diameter 0. 



Qmmsm. 




Letten denoU, 
P » pltch,~tbe distances between the centres of two teeth in 1 

pitch circle. 
D s diameter 

C =. circumference r ^f the wheeL 

if as number of teeth ( 

JV»» number of rovolations - 
d »■ diameter 

c = circumference v ^f the pinkm. 

m •• number of teeth * ^ 

% w number of rerolutions 



Pitch 



No. of teeth 






P 



CSroTun.'* 



C^PM - 6 



( n 

Diftmeter-< ^ 

U— ^ . 8 



, 1*66 inches nearly. 



XbeampU 1. A wheel of D =» 40 inches In diameter, is to hare Jf •■ 
16 teeth. Kequired the pitch P= ? 

Formula 2. Pitch P=-^-^^^ 

Example 2. The pitch of teeth in a wheel, is to be P — l-H inchaa. and 
having #=-48 teeth. Required the diameter D — f of the wheel. 

F(yrmula 7. Diam. D - -^—^^ =26-14 in. of the pitcn circle 
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Constrvetloii of Teeth for "Wlieel** 

Draw the radius M r, and pitch circle PP. Through r draw the line o o* at 
an angle of 75^ to the radius R r. 

Half the angle be- 1 ^ 

tween two teeth i^ the j 130 

Opinion, F"- * .... 2 

r wheel, 2/ =■ — ; . • • - o 

I sin, V 

Diameter of the x ^ . 

i . . _ D sin. V . 

V pinion, ^=" ^^^ ^ • ... 4 

Pitch (chord) of teeth (wheel, P =1)5171.1?. - - . 6 
in the pitch circle I pinion, P»" c? «w. F. - • - 6 

Approximate pitch in the wheel P ^ 0*028 D. - - • 7 

, wheel, Jlf'-?^.. ... 8 
Number of teeth about -j 

^ pinion, w = • jy. -' - - - - 9 

Thickness of tooth, a = 0*46 P* . . - . 10 

Bottom clearance, 6 «> 0*4 P. 11 

Depth to pitch Kne, c s. 0*3 P. - * • • - 12 

Distahcera^ d-^^^ 13 

Distance ro', tf-O'llP*^^ 14 

* If a wheel of more than 80 teeth is to gear a pinion of less than 20 teeth, 
and the wheel and pinion are oi!the same kind of materials ; take the thickness 

,wheel,a = p(0-42+^). • 15 

of the tooth in the i 

lpini6n,<.-0-5P(l-3'5L). 16 

A rack is to be considered as a whecA of 200 teeth. 



180 C^sABore. 

Bxample -with Plate IV* 

Examf^. A wheel of 2> =» 48 inches diameter is to gesr ft pinion ahouC 8 , 
revolutions to 1. Required a complete cousCruction of Uie geariBg? 

Approximate pitch P = 0-028X48-1-34 in. - - - V 

fwheel, if- 5:^1^^-112. - 8 
Number of teeth 1 ^'^* 

In the j 112 

Opinion, w » — g~ = 14 

Half the an- | ^^^^ " = ^?^=1°36'. m.0-028. 

gle between^ . 

^o teeth m (^.^.^^ y-^ J^=12o5r. ^«=0-2224. 2 

•n- * fi ' ' ^- 48X0-028 a.f^An' . 

Diameter of pmion a — — ^,»»». = 6*043 m. - 4 

Draw the pitch circle for the wheel and pinion so that they tangent one an 
other at r on a straight line between the centres of the circles. 

Pitch in the gearing P = 48X0-028=l-344 in. - 5 

Take this chordial pitch in a pair of compasses, and set it off in the pitch 
eircles. 



Thickness 
tooth 



r wheel a = 1-344 ^0-42 + ^ )=0-592in. 15 

^ pinion a = 0-6X 1-344 A-3g(j^=0-645 in. 16 

Set off the thickness of tooth in the corresponding pitch oircleg. 
Bottom clearance 5 - 0-4X1-344 =• 0^6376 in. - 11 

Depth to pitch line c = 0*3 ^ 1-344=0-4032 in. • - 12 

Distances r o and f "^ 2(112—11) 
r o' in the wheel \ ^ ^ ^.^^^^.^^^^^ „ 0-7126 in. U 

Set off these distances on the line o o' ftom r,— d beyond and e within the 
pitch circle for the wheel ; then o is the centre and o m radius ftnr the flank m. 
</ the centre and </ n radius for the face n. Draw circles through o and </ con- 
centric with the pitch circle of the wheeL 



ro'lBltopimon l,.(,.iixi.3„yni-0-35Sto. U 



Distances r o and f 2(14—11) 



Proceed with the pinion similar as the wheel 

On the plate is a scale of inches and decimals, which will be mil- 
▼enient fbr the aboye measurements. 



hfffrffff/. 
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Strengtb of Teeth* 

Letters denote, 

S B Btnin on the teeth at the pitch-liae in poundi. 

a = thickness, (see figure), \ . , 

h = hreadth of the teeth, / ^^^^' 

V = Telocity of the teeth in feet per eeoond. 

£[== Horse power transmitted by the teeth. 

/- a=»(y02&yS, r ^—1600 OS 

] /ff Strain^ 

p = 00644V^ , H^ 2r^b ^avi 



Pitch... 






V? 



I[=» 0-48y5V 



Abrasion included in these formolae and the breadth h >» 2*6p. 

When great strain is required on the teeth, and tiie diameter or pitch of the 
rheel is limited, it is necessary to increase the breadth h proportionally, which 
rill be thus. 

h:= ^ — ^ ^ ^''^ ma ^^ JT H 

653p 300a 9432) ** r3472> » *° 0-429o » *^ 0-934p «» 

Example. The pinion-wheel on a propeller shaft is to be JD => 48 inches in 
liameter, and to hare m = 36 teeth ; it is driven by a pair of engines H s 4&0 
lorses, and the propeller to make n = 60 revolutions per minute. Required 
he breadth of the teeth A ss 7 The velocity at pitch circle will be, 

3*14X4X60 ,«,^ . 
V = ^ «= 10'6 feet per second, nearly, and 

To Find the Dianketer of Axles and Shaft. 

Letters denotej 
d = diameter in inches, in the bearing; and the length of the bearing l-5d. 
W= weight in pounds, acting in the bearing. 

r^ = Kr *^'«^ ^^ Common ,^ = ^ of cast iron. 

Water. J ^^ Machinery J ^* 

wheels, "j ^*^ in good "j /^ 

^d = '-— of wrought iron. order, ^d =» ^^ of wrought iron. 

Example 1. A water wheel weighs 68,680 pounds, and supported in two bear- 
ngs. Bequired the diameter of the wheel axles 7 The weight acting in each 
tearing will be 68680 : 2 = 29340 pounds, and 

diameter d = zr= = 8*15 inches oi wrought iron. 

21 - 

Example 2. Fig. 226, page 185. Required the diameter of the axle in the 
rheel, when the weights P + Q == 4864 pounds? If the wheel iff supported 
D two bearings W= 4864 : 2 = 2432 pounds. 

diameter d = "^ = 1*76 inches of wrought iron. 

28 
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SXRBNaiH OF Maxebials. 



Example 3. The pressure on the steam piston, in a walking beam engine is 
26000 pounds. Required tlie diameter of the bMm journals 1 

diameter d = — jr^ a 5*64 inches the centre one. 



d = • a. 4 inches at the ends. 

In this ezampl0.it is «upposed that the beam is worked by a fork oonneetliic 
rod. 




D 



y^U^^'/'E 



\7? 



D = inches wrought iron. 

B = radius of crank in feet. 

F = force from the steam piston, lbs< 




D:d=z i/ B I ^ r 

jr= horse-power transmitted. 

n = number revolutions per minute. 



When an axle or shaft not only serves as a fulcrum, but effect is trannnitttd 
by the act of twisting it, the diameter is to be caluulated as follow. 

Example 4. The pressure on the piston in a steam engine is F^^ 45,600 
pounds, applied direct on a crank of /e = 3 feet radius. Required the diameter 
of the ^aft and orank pin f _____», 

Diameter of the shaft I) " v^45600X3 _^ ^j-D inches. 

4 

Diameter of the crank pin d = J^^^ - T-BS inches. 

ExampU 6. A steam engine of 368 horses is to make 82 rerolutloiia per 
minute. Required the diameter of the main shaft? 

Diameter D = 5 sj ^^ - lU inches. 

lius is to gear w 
of 231 horses wit 
leel and pinion si 

V "231 , 
V "42" "* 



Example 6. A cog wheel of i2 = 65 feet radius is to gear with a pinion of 
r » 1-25 feet radius, and to transmit an eflfect of 231 horses with 42 revoltttians 
per minute. Required the diameter of the wheel and pinion shafts? The force 
J* is acting uniformly at the periphery. 

Diameter of wheel shaft JD " 4-36 \ / -^ « 7*66 inches 

Did-- IfBi 
Diameter of pinion shaft d — 7 



V 6-5 



4*41 inches. 



ALLOTS. 

A — Anrfimony, B =- Bismuth, O^ Copper, O — Gold, I « Iron, L — Lead, 
iV= Nickel, S = SUyer, T- T^, and Z « ^c -»-»•«, 

Brass, yeZfow, • . • . » - 20,1Z, 
" roBcd, 82aiOZ, 1-6Z 

BrassKsasting, common, - . . . . 20C; 1-252; 2*521 
« ftari, 25C(2^4-5r. 

Brass-Propellers, (Jorge), - - - - . 8Q 0*6a ir. 

Oan-metal, 8£7, ir. 

Oopper-flanges, /or pipeli 9e,lZ,0-36r. 

Brass that bears soldering well, ... 2^0*7521 

Muntz's metal, canbe rolled and worked at red heat, 6Q 421 

StatuaJT, 91-4(7, 6-53i^ 1-7 r,l-S7J6. 

German Silrer, 20C7, Ifi-SiV, 12-72; 1-8Z 

Frick's Imitatiye Silver, 63-39(7, 17-4iV. 1321 

Med^, IQOCfSZ, 

Pinchbeck, -••-•••• 5(7, IZ. 

Chinese Silver, 65-2C7, 19-fiZ, ISiV; 2-6ia IS 

cobalt of Z 

Britannia metal, lZ,lji),».«^,„ 

Whmfuaedaddl O, LB j 1^ 2^ "?• 

Babbitt's anti-Attrition metal, .... 267,2^0-6(7. 
^ThbTinofthfihest^pMlityofBcMoa^Utob^ 

Bell-metal, Zoyye, -••••• 8(1 IK 
•* •»«»» 43mI 

GoldSEeteL 

J — S? Q^f J ^ *>« melted separately. 
Gold » hy-h^, this makes a brilliant eomposltlon. 
Solders. 

Newton's fiisible alloys, • - 8jS, 6A 821 melts at 2I20. 

J'oe^fl « « . . . wllLylli « aoio. 

A more ftisible composition - • 6J3i3Z, 221 ** 199^. 

Tin solder, o«w»e, - - - 17,32^, *• fiOO^. 

" ordinary^ • • - 2r, 1X> « 860* 

Soft Spelterflolder, /or common bran work, 1(7, 12: 

Hard « /or iron, - - 2(7, IZ 

Solder for Steel, - . - 19^ 3(5 IZ. 

Solder for fine brass work, - - 15; SC^ 8Z. 

Powterer*8 soft solder, - - . 2B, 42i. 32: 

«.,A,. «... Ib\iL,2T 

Gold Solder, . . . . 24(7, 2& IC 

Suver solder, Aord^ - . - 45,1(7. 

'* jqA • - . as; 1 brass wire. 

Tempertng Steel* 

Yellow, very fidnt, for lancets 4300 

„ pale straw, for raoors scalpels .... 45Q0 

„ full, for penknives and chisels for hard cast iron - 4700 

Brown, for scissors and chissels for wrought iron > . 4900 

Red, for carpenter tools in general - . . . 51Q0 

Purple, for fine watch springs and table knives • > 630° 

Blue, bright, for swords, lock springs .... 55(10 

„ full, for daggers, fine saws, needles - - 660^ 

„ dark, for common saws ..... eoo^ 



WeIOHT of BOLUD lEOV, PKR FOOVt 



^ iachw 

iV 

i 

i 

I 
i 
i 
1 

1* 
U 
11 

II 

If 

1* 

2 

2jt 

2i 

21 

21 

2f 

21 

2* 

3 

34 

3i 

31 

31 




W»ii{bt io 


Bide in 


pounds. 


inches. 


0-013 


3f 


0-53 


3f 


0-118 


35 


0-211 


4 


0-476 


44 


0-846 


4i 


1-320 


4ft 


1-901 


44 


2-588 


4ft 


3-380 


4J 


4-278 


4ft 


5-280 


5 


6-390 


64 


7-604 


6i 


8-926 


6ft 


10-326 


64 


11-883 


6ft 


13-520 


61 


15-263 


6ft 


17-112 


6 


19-066 


64 


21-120 


64 


23-292 


61 


25-56 


7 


27-939 


74 


30-416 


8 


33-010 


84 


35-704 


9 


36-503 


10 


41-408 


12 



Weight i 
ptiuiids 



44-418 
47-534 
50-766 
64-084 
57-517 
61'065 
64-700 
68-448 
72-305 
76-264 
80-333 
84-480 
88-784 
93-168 
97-657 
102-24 
106-96 
111-76 
116-67 
121-66 
132-04 
142-82 
154-01 
166-63 
190-14 
216-34 
244-22 
273-79 
337-92 
486-66 



Dtametar' 
in Inches. 




ft 

4 
ft 
i 
ft 
1 

14 
U 
ift 
14 
ift 
11 
1ft 

2 

24 

24 

2ft 

24 

2ft 

21 

2ft 

3 

34 

34 

3ft 

34 



Wetfcht io 
_ pounds^ 

0-010 

0-041 

0-119 

0-166 

0-373 

0-663 

1-043 

1-493 

2-032 

2-654 

3-360 

4-172 

6-019 

6-972 

7-010 

8-128 

9-333 

10-616 

11-988 

13-440 

14-976 

16-688 

18-293 

20-076 

21-944 

23-888 

25-926 

28-040 

30-240 

32-612 



3ft 

3i 

3ft 

4 

44 

44 

4ft 

44 

4f 

4i 

4ft 

5 

64 

64 

6ft 

64 

6ft 

61 

6ft 

6 

64 

64 

6i 

7 

74 

8 

84 

9 

10 

12 



Weight la 
^pounds. 

34-886 

37-332 

39-864 

42-464 

45174 

47-952 

50-815 

63-760 

66-788 

69-900 

63-094 

66-752 

69-731 

73-172 

76-700 

80-304 

84-001 

87-776 

91-634 

95-662 

103-70 

112-16 

120-96 

130-05 

149-33 

169-86 

191-81 

215-04 

266-29 

382-21 



Cements for Cast Iron* 

Two ounces Sal-ammoniac, one ounce Sulphur and sixteen ounces of 
borings or filings of cast Iron, to be mixed well in a mortar, and kept dry. 
When required for use take one part of this powder to twenty parts of clear 
iron borings or filings, mixed throughly in a mortar, make the mixture into a 
stiff paste with a little water, and then it is ready for use. A little fine grindstone 
sand improTes the cement. 

Or one ounce of Sal-ammoniac to one hundred weight of Iron borings. No 
heat allowed to it. 

The Cubic contents of the joint in inches, divided by fire, is the weight of dry 
borings in pounds Avoir, required to make cement to fill the joint nearly. 
Cement for Stone and Briek vrorke 

Two parts Ashes, three of Clay, and one of Sand, mixed with oil, will resist 
weather equal to marble. 

Broivn Mortar* 

One part Thomaston lime, two of Sand, and a small quantity of Hair. 
Hydraulic Mortar* 

Three parts of Lime, four Puzzolana, one Smithy Ashes, two of Sand, anil ft«or 
parts of rolled stone or shingle. 



WEIGHT PER poor, IN POUNDS, OF CAST-IRON CYLINDERS AND PIPES. 



im 



Diam. 





Vs 


'A 


% 


^A 


^ 


K 


% 


Diam. 





00000 


-03804 


15418 


34675 


61669 


96352 


1-3876 


1-8975 





1 


2-5132 


3-1227 


3-9047 


4-6620 


5-5512 


6-5476 


7-5414 


8-7012 


1 


2 


9-8989 


11-145 


12-491 


13-947 


15-419 


16-999 


18-658 


20-392 


2 


3 


22-205 


24-093 


26-059 


28-104 


30-225 


32-420 


34-695 


37-038 


3 


4 


39-544 


41-984 


44-566 


47-227 


49-963 


52-778 


55-629 


58-637 


4 


5 


61-584 


64-807 


68-005 


71-282 


74-537 


78.068 


81-577 


84-848 


5 


6 


88-825 


92-564 


96-380 


100-27 


104-24 


108-29 


112-42 


116-62 


6 


7 


120-90 


125-26 


129-69 


134-20 


138-79 


143-45 


148-19 


153-02 


7 


8 


157-91 


162-88 


168-15 


173-06 


178-29 


183-55 


188-91 


194-34 


8 


9 


199-86 


205-44 


211-11 


216-86 


222-68 


228-57 


234-56 


240-50 


9 


10 


246-73 


252-94 


259-23 


265-59 


272-03 


278-54 


285-13 


291-81 


10 


11 


298-55 


305-38 


312-28 


319-24 


326-28 


333-40 


340-64 


347-92 


11 


12 


355-29 


362-72 


370-23 


377-83 


390-50 


393-26 


401-08 


408-69 


12 


13 


416-98 


42502 


433-15 


441-39 


449-64 


458-04 


466-46 


475-00 


13 


14 


483-73 


492-24 


501-02 


509-84 


518-77 


527-72 


536-80 


545-94 


14 


15 


528-15 


564-44 


573-81 


583-76 


592-78 


602-36 


612-04 


621-71 


15 


16 


031-64 


641-54 


651-53 


661-58 


671-73 


681-94 


692-24 


702-61 


16 


17 


712-79 


723-59 


734-19 


744-86 


755-80 


766-44 


777-38 


788-35 


17 


18 


799-30 


810-56 


821-79 


838-17 


844-45 


855-86 


867-42 


879-04 


18 


19 


890-70 


902-48 


914-29 


926-23 


938-20 


950-27 


962-42 


974-64 


19 


20 


986-95 


999-30 


1011-6 


1024-3 


1036-9 


1049-5 


1062-3 


1075-0 


20 


21 


1088-1 


1104-2 


1114-6 


1127-3 


1140-5 


1153-8 


1107-2 


1180-7 


21 


22 


1194-2 


1207-8 


1221-5 


1235-2 


1249-1 


1263-0 


1277-0 


1291-1 


22 


23 


1305-2 


1319-4 


1333-7 


1348-1 


1362-6 


1376-9 


1291-7 


1406-4 


23 


24 


1421-5 


1436-0 


1451-0 


1466-1 


14810 


1496-1 


1511-4 


1526-7 


24 


25 


1492-1 


1557-5 


1572*1 


1588-7 


1604-4 


1620-2 


1635-8 


1651-9 


25 


26 


1667-9 


1683-9 


1700-1 


1716-4 


1732-7 


1749-1 


1765-5 


1782-1 


26 


27 


1798-7 


1815-5 


1832-2 


18490 


1865-9 


1882-9 


1900-0 


1917-2 


27 


28 


1934.4 


1951-7 


19691 


1986-5 


2004-1 


2021-7 


2039-4 


2057-2 


28 


29 


2075-1 


2093-0 


2111-0 


2129-1 


2147-2 


2165-4 


2183-8 


2202-2 


29 


30 


2220-6 


2239-2 


2257-8 


2276-5 


2295-2 


2314-1 


2333-1 


23520 


30 


31 


2371-1 


2390-3 


2409-6 


2428-9 


2448-3 


2467-9 


2461-3 


2506-9 


31 


32 


2526-6 


2545-7 


2566-2 


2586-2 


2606-1 


2626-3 


2646-4 


2666-7 


32 


33 


2687-0 


2707-4 


2727-8 


2748-4 


27690 


2789-7 


2810-4 


2831-3 


33 


34 


2852-3 


2873-3 


2894-4 


2927-3 


2936-8 


2958-1 


2979-5 


3001-0 


34 


35 


3022-5 


3044-2 


3065-9 


3087-7 


3109-5 


3131-5 


3143-7 


3175-5 


35 


36 


3197-5 


3219-4 


3242-0 


3264-3 


3286-9 


3309-5 


3332-2 


3354-3 


36 


37 


3377-8 


3400-4 


3423-3 


3446-6 


3469-5 


3492-7 


3516-0 


3539-2 


37 


38 


3562-9 


3586-1 


3609-6 


3633-5 


3657-0 


3680-9 


3704-8 


3728-6 


38 


39 


3752-2 


3776-8 


3801-0 


3835-1 


3849-7 


3873-8 


3898-3 


3922-8 


39 


40 


3947-7 


3972-5 


3987-0 


4022-1 


4046-9 


4071-6 


4094-1 


4122-3 


40 


41 


4147-5 


4173-0 


4198-4 


4223-8 


4249-2 


4275-0 


4300-7 


4326-5 


41 


42 


4352-3 


4378-4 


4404-1 


4430-2 


4456-6 


4482-6 


4509-0 


4540-5 


42 


43 


4562-2 


4588-6 


4615-2 


4641-9 


4668-6 


4695-6 


4722-7 


4749-7 


43 


44 


4776-7 


4803-7 


4831-1 


4858-4 


4885-7 


4913-3 


4941-1 


4968-7 


44 


45 


4996-3 


50240 


5051-9 


5079-9 


5107-8 


5136-1 


5164-1 


5192-4 


45 


46 


5220-9 


5249-2 


5277-8 


5306-3 


5335-0 


5363-6 


5393-5 


5421-4 


46 


47 


5450-2 


54731 


5508-4 


5537-6 


5566-8 


6596-1 


5625-6 


5655-1 


47 


48 


5684-6 


5714-1 


5744-1 


5773-9 


5803-7 


5833-6 


5863-7 


5893-8 


48 


A solid cast-iron cylinder 42% in. diameter weighs 4482-6 pounds per foot. 
Subtract inside cyUnder 401^ in. diameter weiglw 3972-6 " 


Weight of pipe 11^ in. thick %vill be 610-1 
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20^838 


19-688 
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444-68 


448-88 


507-95 
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15-3616 


16-6663 
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17-533 
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352-66 


366-99 


402-83 
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13-68 


13-8624 
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15-613 


•32486 


279-67 


282^30 


319-46 


301-82 


12-1823 


12*3447 
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13-904 
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253-34 


239-36 


10-8488 


10-9934 
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12-382 
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9-6611 


9-7899 
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8-7180 


10-393 
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6-0768 


6-1568 
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17-304 


17-468 


19-766 
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3-2598 


3-0799 
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12-435 


11-746 
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2-9030 


2-7428 
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8-631 


8-712 


9-859 


9-316 
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2-1686 


2-5852 


2-4425 
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6-846 
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7-819 
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1-9312 
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2-1751 
1-337 
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5-427 


5-478 


6-199 


6-857 


1-6971 


1-7198 
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4-304 


4-344 


4-916 
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1-5114 


1-6316 


1-8267 
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•035890 


3-413 


3-445 


3-899 


3-684 


m469 
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1-3638 


1-6268 


1-6361 
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2-708 


2-734 


3-094 


2-920 


1-2146 


1-4478 


1-3679 


•028462 


2-147 


2-167 


2-462 


2-317 
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1-0816 


1-2893 


1-2182 
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1-703 
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1-945 


1-838 


-95051 


-96319 


1-1482 


1-0849 


•022571 


1-350 


1-363 


1-542 


1-467 


•84641 
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-76612 


•01594 


0-6734 


0^6797 


•7692 


0-7267 


•69776 


•60672 


•72208 


-68223 


•014195 


0^6340 


0^6391 


•6099 


0-5763 


•63231 


•63941 


•64303 


•60785 


•012641 


0-4235 


04276 


•4837 


0-4570 


•47404 


•480S6 


•67264 


•64103 


•011257 


0-3358 


0^3389 


-3836 


0-3624 


•42214 


•42777 


•60994 


•48180 


•010025 


0-2663 


0-2688 


-3042 


0-2874 


•37694 


-38098 


•45413 


-42907 


•008928 


0-2113 


0-2132 


-2413 


0-2280 


•3348 


-33926 


•40444 


-88212 


•007950 


e-1675 


©•1691 


•1913 


•1808 


-29813 


•3021 


•36014 


-34026 


•007080 


0-1328 


0-1341 


•1617 


-1434 


•2666 


•26904 


•32072 


-80302 


•006304 


0-1063 


0-1063 


•1204 


•1137 


•2364 


•23966 


•28557 


-26981 


•005614 


•08866 


•08446 


•0966 


•09016 


•21053 


•21333 


•26431 


-24028 


•006000 


•06626 


•06687 


•0767 


-0715 


•1876 


•19 


•2266 


•2140 


•004453 


•06256 


•06304 


•06003 


•06671 


•16699 


•16921 


•20172 


•19059 


•003965 


•04166 


•04205 


•04768 


•04496 


•14869 


•16067 


•17961 


-1697 


•003631 


•03305 


•03336 


•03776 


•03566 


•13241 


•13418 


•16995 


•15113 


•003144 


•02620 


•02644 


•02992 


•02827 


•1179 


•11947 


•14242 


-13456 



Specific Grav.... 
WuaHT PER Cu- 
bic Foot 



7-7747 


7-847 


8^880 


8-386 


7-200 


7-296 


8^698 


486-874 


90^45 


664-988 


624-J6 


450- 


466- 


6436 



The Specific Gravities to determine the weight*, and the calculation of them, 
were taken and made by Charles II. Haswell, 6 Bowling Green, N. Y. Diame- 
ters and thickness determined by the American Gauge, which is introduced and 
manufactured by J. R. Brown & Sharpe, of Providence, R. I. This gauge is now 
very extensively adopted among manufacturers of wire and plates. It should 
be considered the standard American gauge. To be had in the principal hard- 
ware storee in the country. 
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Gravity or Gravitation is a mutual faculty which all bodies in nature 
possess, to attract one another ; or OravUy is the force by which all bodies 
tend to approach each other. A large boidy attracting a comparatively very 
small one, and their distance apart being inconsiderable, the force of gravity in 
the small body will be very sensible compared with that in the large one ; such 
is the case with the body, our earth, attracting small bodies on or near her sur- 
face. 

Gravitation is not periodical, it acts continually ever and ever. A body placed 
unsupported at a distance from the earth, the force of gravittf is instantly oper- 
ating to draw it down, and then we say, " the body fell down " If it were possi- 
ble to withdraw the attraction between the body and the earth, it would not 
fall down, but remain unsupported in the space where it wajs placed ;— giving 
the body a motion upwards it would continue that, and never come back to the 
earth again. 

Law of Gravity* , 

The force of OravUy u proportional to tJit mass of the athrading bodies^ and in- I 
verse as the sqtiare of their distance apart. \ 

This law was discovered by Sir Isaac Newton. It is this law that supports the 
condition of the whole universe, and enables us to calculate the distances, mo- 
tions and masses, Ac, of the heavenly bodies. 

The unit or measure of force of gravity is assumed to be the velocity a falling 
body has attained at the end of the first second it falls ; this unit is commonly 
denoted by the letter g; its value at the level of the sea in New York is 
g = 32-166 feet per second, in vacuum. The space fallen through in the first 
second is i^ = 16-083 feet. 

This value augments with the latitude, and abates with the elevation above 
the level of the sea. ^^ 

I = latitude, h = height in ww above the level of the sea, and r = radius of 
the earth in feet, at the given latitude U 

r =- 20887510a+0-00164 co8.20, 

g = 32-16954(l — 0-00284 oob.21)( 1 — ~*. ) 

Letters denote, 
S => the space in feet, which the falling body passes through in the time T. 
u = the space in feet, which the body falls in the Tth second. 
F=s velocity in feet per second, of the falling body at the end of the time T. 
T =s timA in seconds the body is falling. 

The accompanying Diagram is a good Il- 
lustration of the acceleration of a falling 
body. The body is supposed to flail from a 
to 5, every small triangle represents the 
space 16-08 feet which the body falls in 
the first second ; when the body has reached 
the line 3" seconds, it will be found that it 
has passed 9 triangles, and 9X16*08 = 144-72 
feet the space which a body will fall in 8" 
seconds. The number of triangles between 
each line is the space u which the body has 
fallen in that second. Between 3'' and 4" 
are 7 triangles and 7X1608 = 112-66 feet, 
the space fallen through in the fburth sec- 
ond. Under the line 3'' will be found 6 tri- 
angles, which represents the velocity Fthe 
body has obtained at the end of the third 
second or 6X16-08 = 96-48 feet per second. 
For every successive second the body will 
gain two triangles or 2X16-08 =» 32-36 fe«t 
ptr second. 
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Let a constant force Fhe applied to a body TTfree to move, then th« body 
will start and continue with an accelerated velocity nntil the force ceases to 
act, when it will continue in the same direction with a uniform velocity equal 
to that of the final action of the force. Any force, however small, is able to set 
in motion any body free to move, or to bring to rest any movihg body, however 
large. 

No force is required to maintam a uniform motion of a body free to move; 
but force is required to bring a body from rest into a uniform motion. If force 
is applied to maintain a body not free to move in uniform motion, such force is 
expended in overcoming the friction and resistance of the medium in which the 
body moves. A steamboat or a railway-train in motiop is thus suspended be- 
tween the action of two opposite forces, namely, the driving force on the one 
side, and the friction and resistance on the other. When the opposite forces are 
equal, the motion will be uniform ; and any change of velocity is due to a cUs- 
parity between these opposing forces. 

Mass is a conventional term for expressing quantities of matter. It is pro- 
portionate to weight, and generally denoted by J/. The weight of a body divided 
by the acceleratrix g = 32-166 feet per second, is said to be the ma£s of the 

body, or M= — 

g 

MonoLentmii, in a body free to move, is of two kinds, namely, 
Momentum of time FT= M Vmomentum of motion. 

A force multiplied by its time of action on a body free to move, is the mo- 
mentum of tiTne, which is equal to the ma«« of the body multiplied by its um'form 
velocity after the force has ceased to act, the momentum of motion. 

"Vis-Viva, or living force, is a term intended to express the quantum of 
work concentrated in a moving mass, and is usually denoted by M F*, which is 
tvrice the true arnount of work; but, as there is no living force in a dead body, 
the term is improper and confusing. See Journal of the Franklin Institute for 
1864 and 1865. 

In practical mechanics we can dispense with the terms mass and vis-viva. 

The Work concentrated in a moving body is equal to the work expended in 
bestowing its motion, and is equal to the work required in bringing the body to 
rest, which is derived from the primitive formula F VT; but for accelerated 
motion Fmeans the mean velocity in the time T, which is just one-half of the 
final velocity Fwhen the acceleratrix G^ or ^r is constant. The value of work is 
expressed by the formulas given below under the title Work. 

The following table of formulas will show what a variety of problems are 
connected with a force acting on a body free to move. 

When a body is left free to the action of gravity in falling or rising, the ac- 
celeratrix G = g, and the force F= W. 

Example 1. — What force i^= ? is required to give a body W = 1689 pounds a 
velocity of F= 36 feet per second in a time T= 5-6 seconds? 

Find in the formulas under constant force the one which contains the given 
quantities W, V, and T, which is the second formula. 

„ WV 1689 X 36 „^ ^^ 3 ,, 

Example2. — A projectile of W= 150 pounds is fired horizontally from a rifled 
gun ofS= 11 feet in length, in which it receives a velocity of F= 950 feet per 
second. Required the mean force -F'= ? of the powder acting on the projectile, 
when the friction in the rifle is 230 pounds 

^- ^ - 2 xl^ieaTii - "^'^ -^ "^ - "^^ '^'^ 

the force required. 
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Example 3.— The moving parts in a propellrer steam-engine, such as the steam- 
piston, piston-rods, cross-heads, connecting-rod, Ac. &c., weigh W = 8456 
poimds. Stroke of piston = 4 feet, making n a 62 revolutions per minute. 
What force J* is required for each stroke, to set in motion and bring to rest the 
moving mass 7 

The velocity of the moving mass at half stroke will be (formula , page ISS) 

_ 2irrn 2 X 3-1416 X 2 X 62 .^„^ , ^ 

F= « —^ ^ — — — « 10-79 feet per second. 

The time for each half stroke will be 

r=- j~^ = 0-28846 seconds. \ 

Tbsa tb» required mean force of the momentum virill be 
„ WV 8466X10-79 ^^^« 
^-yr- 32-166 X (^2846 = ^^"^ P^^"^' 

For high grade of expansion of steam, this force acts beneficially to the move- 
ment of the ennne. 

JEkcample 4.^The mean force of gunpowder in a rifled gun is known to be 
231400 pounds, on a projectile TF =» 180 lbs. The friction of the projectile 
through the gun is estimated to 264 pounds, leaving F= 231400 — 264 = 231136 
pounds. The length of the gun is iSf=s 12 feet, elevated to an angle x = 6° 30'. 
Required the velocity F= ? of the projectile when it leaves the gun. 

F= /7^7(^-8in^ - / 2 X 32-166 X "^{^^ - ^^-^ sc) 

= 995'64 feet per second, the answer. 

Example 5. — ^What velocity F= ? can a steam-engine of jEr= 56 horses im- 
part to a body W= 9 tons in a time 2*= 30 seconds? 

P= 66 X 550 = 19800 effects, and W^ 9 X 2240 = 20160 lbs. 



r= 



V 2g FT 1 2X32-166X19800X30 ,o.,co« ft^* ^,. «,^„^ 

JExample 6.— A body W= 3685 lbs. is moving with a velocity F== 66 feet per 
second. What time r= ? is required to bring that body to rest, with a force 
J'= 128 pounds? 

T = — = ^^ ^ ?L = 50121 pounds, the answer. 
gF 32166 X 128 *~ ' 

^awimpte 7.— What power P= ? is required to drive a centrifugal gun to 
throw out balls of >F= 50 lbs. every T= 8 seconds, with a velocity F'= 786 
feet per second (friction omitted) ? 

2EZi ^ 60X785« ^ 
^ 2gT 2X32-166X8 
divided by 550 = 108-85 horses, the power required. 

Example 8.— A sledge of TF= 20 lbs. strikes a spike into a log 5 = 0-08 foot, 
with a velocity of F= 25 feet per second. Required the force F=l with which 
the spike was driven into the log, omitting the weight of the spike. 

WVl ^ 20X25« 

^ 2gS 2 X 32-166 X 0-08 -'"^*'P"«" 

Example 9.— A body starts to ascend vertically with a velocity of 860 feet per 
second. What will be its velocity at the end of 7 = 5 seconds ? 
F= <? 1'= 32-166 X 5 = 160-830 feet per second, 
and 860 — 160-83 = 699-17 feet per second, the ansvfer. 
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Djrnamleiil Formulas for Accelerated or Retarded 
Motion. 

CmstarU Ibroe in JPounds acting on a Body free to move. 

K 

S 

Final Vdocity in tht Timt T, or Vniform Vdocity of a Moving Body. 



"^ 9 ^ gT^ gT* ^ %g8 '^ 8 '^ \ 9 T '^ Q T* 

Tdocity in tht Timt T, or Vniform Vdocity of a Moving Body. 

Timt in Seconds in tohi<^ the Force acU on the Body fret to move. 

Wr f^WS JTS 2F8 K 2SW EWK 

'^ gF'^ -^ gF "^-l/ff ^ VK "* P '^ gTK^^gF* 



-I 



Cbnstant Acceieration of the Force Fin Feet per Second. 
g F 2_£_r V* g PT Fr» _g K _ 2K 
' W ^ Tt t'^ 2 8 W8 ^ PT W8'~ F T»' 

Space in Feet in which the Force acts on the Body free to move. 

8= ■ 



O T^ VT r« gFT^ P T ^ gPT» ^g K ^ K 



2 2 2 Q 2W F W V QW F 

Weight in Pound* of the Moving ^ody. 
j^_ g F _ gFT^ _ 2gF8 _ g F T gPT» g F* T 2 g K g T^K 
O " 2 8 r* ~~ V ~~ 28 ~ 2P ~ r^ ~ 28 

Mean Power in Effects during the Time T^ or in the Space 8 
F_a ^ gF^T ^ 2WS^ ^ W V^ ^ 2JK ^ TK. ^ VK _ F r« 
*= T 2W gT^ 2gT T 2 8 2 QT 

Work in Footpounds concentrated in a Moving Body. 
v Tfcf '^^^ FFT QWVT F O T* g F* T^ 2 8P _,„ 

js:-ip^= -_- = _—: TT"' 2 — ^~2W='~~T~'^^^' 

The Body n&ovtnff in an Inclined Direetion ot an 
Angle X. 

Applied Constant Force in Pounds. 



jFVnaZ Velocity in Feet per Seconds when the Force F ceases to act. 

Time of Action in Seconds. Acceleration. 

T= TTF _ / 2 WS a— (^ \ \ 

giFi: WBin.x) ~ -^ g (Ft Wsin.xy ^-^Kw"^ tAnjeJ. 

Space in Feet. Work done by F. 

Use the upper sign when the direction of motion rifles above the horizon, and 
the lower sign when the direction of motion dips under the horizon. 



196 






Tabli 


FOR Falling BoDisa 
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10 
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56-900 
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223. 

A body will fall from o the distances a, 6, ^ 
and d, in equal times. 



■\/?- 



224. 

A body will fkll ftom a to & via c in the short* 
est time, if the ounre is a Cycloid. 
jSf n ^> the length of tho'Gycloid. 
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CENTRIFUGAL FORCE. 

Central Forces are of two kinds, cenirifugal and centr^peUd. 

Centrifugal Force is the tendency which & revolTing liody has to 
depart from its centre of motion. 

Centripetal Force is that by which a revolying body is attracted or at- 
tached to its centre of motion. 

The Cenirifugal and Cbn^njpetoZ /oroes are oppodtes to each other, and when 
equal the body revolves in a circle; but when they differ the body will revolve 
in other curved lines, as the Ellipse, the Parabola, &c, according to the nature 
of the difference in the forces. If the cenirifugal force is o while the other is 
acting, the body will move straight to the centre of motion ; and if the cedtripe- 
tal forct is o while the other is acting, the body will depart from the circle in a 
straight line, tangent to the circle in the point where Uie certbripeAal force ceased 
to act. The central farces are distinct from the force that has set the body in 
motion. 

If the ceivtrifugaL fotce be made use of to produce an effect, such effect will be 
a4i the expense of the one producing the rotary motion. 

Letters denote, 

FsB CenJtrifugail force in pounds. 
Jf = the Mass or weight of the revolving body in ponnds. 

V « VdocUy of the revolving body, in feet per second. 
R = Radii of the circle in which the body revolves, in feet- 

n =3 number of revolutions per minute. 

Examt^e I. Required the centrifugal force of a body weighing 63 pounds, and 
[nekkingl63 revolutions per minute, in a circle of 4 feet, 4 inches iftdius ? 



P= 



MRn'^ 63X4-33X103* 
2933 "* 2933 



a 2476 pounds. 



Example 2. A Railroad train runs 43 miles per hour on a cnryed track of 
L15 feet radii. Wliat should be the obliquity of the track ! 

. Miles* 43* ^-__ 

or a? ■■ 13P Vy, the obliquity of the track. 
Example 3. A governor having its arms 2 = 1 foot, 6 inches, hcv many vertA- 
titions must it make per minute to form an angle « « SOP 2 

r as 47*6 revolutions per minute. 



yl-5Xcos.30O ' 
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UENTRIFUGAl JfOBCB WOVERNORS. 
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Centrifugal force of a ring. 
il50 



229. 

Centrifugal force of a grinding stom 

circle-plane^ cylinder, rotating roan< 

its centre. 



F- 



4150 ' 




230. 

Centrifugal force of a cylinder rotatinj 
round the diameter of its base. 



p-M>\/4T+3r 
10260 • 
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Centrifugal force of a ball, 
(centre of gyration included.) 
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Governor, 
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PENDULUM. 

Simple Pendalam is a material point under the action of grayitation, 
nd suspended at a lixed point by a line of no weight. 

Compoiuftd Pendulum is a sni^nded rod and body of sensible mag- 
itude, fixed aa the. simple pendulum. 

Centre of Oscillation is a point in which if all the matter in the com* 
ound pendulum were there collected, it would make a simple pendulum oocil- 
ite at the same times. 

Angle of Oscillation is the space a pendulum describes when in mo> 

ion. 

The velocity of an oscillating body through the vertical position, is equal to 
be velocity a body would obtain by fiJling yerUcally the distance verted tme of 
lalf the angle of oscillation. 

Letters denote, 

I =* ler^ih of the simple pendulum, or the distance between the centre of sus- 
>ension, and centre of oscillation in inches. 

t » Ume in seconds for n oscillations. 

n =* number of single oscillations in the time t 

JExampU "L Bequired the length of a pendulum that will Tibrate seconds? 
here n = 1, and < — F. 

I M dS'lOO — ■■ 89*109 inches, the length of a pendulum for seconds. 
•I* 

Example 2. Require the length of a pendulum that will make 180 -vibrations 
per minute ! here < » 60^' and n » 180. 

89109<«^^;109><60.^ 
• ■= n« 18Q« mcueB. 

ExampU 8. How many TibrationB will a pesdulnm of 25 inches length make 
In 8 seconds? 

Example 4. A pendulum is 137*67 inches long and makes 8 vibrations In 16 
leconds. Required the unit or accelleratrbc g s»2 

^ 0-82251 n« 



» t» 15« 

Example 5. A compound pendulum of two iron balls P and Q, horing the 
centre of suspension between themselves: see Fig. 238. P» 38 pounds, Q » 12 
pounds, a sx 25 inches, and 6 = 18 inches. How long is the simple pendulum, 
and how many vibrations will the pendulum make in 10 seconds? 

^ aP-^hQ 5X38--18X12 

«« P+fc« Q _ 26«X88-f 18»X12 ^ g,^ . .;.„ 
^^ yP+C) - 14-68(38+12) 37*(» inches, 

the length of the single pendulum. 

«-25« 6-254X10 ,«,««_« ^ , -« ^ 

n — — :=• « . ^ .1 « 10*193 vibrstlons In 10 seconds. 
yl |/87*68 

If a compound pendulum is hung up at its centre of oscillation, the Ibrmor 
centre of suspension will be the centre of oscillation, and the peni^ilum wHI 
oscillate the same time. 
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ri»- i*-4> 



233. 
Simple Pendulum, 

12gf 39'lg 



.ny/l 
6.25' 



6254^ 



a/ 




236. 
5^ = 



0-8225/ n* 



« cenfrc qfsuspenr 
sion* 
2r 



i = a+ 



5a* 



^7 



234. 

JL = centre of gray- 
ity. 

B = centre of gyra- 
tion. 

C - centre of oscil- 
lation. 

^-v/^7i^ 1.1432a, 
;»lia. 




237. 



P and Q expressed 
in pounds, or cubic 
contents. 



235^ 

Compound PendO' 
lum. 

r = radius of cylin- 
der. 



Jicu 



l~ 



12a ' 



, 4a r* 




238. 



aP-^BQ 
a*P+b^Q 



Length of a JPtnduUan vibraHng uoondt at the Uvd o/ tte «ca, tn various placeu 
At the Equator, lat.0O CO" ...... 39-0152 inohefc 

.x.„aon..^«o3._ ....... II 

«« Stockholm, lat 69° 21' 80«' - - -.." " : ^^^ 

I =. 39127 — 0-09982 C08^ Ut. tor seconds. 
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Force *nd "Worlc in Revolving Bodies. Centre of 
Gyration. Fly-Wlieels* 

Oentre of gyration is a point in revolving bodies in which, if all the reTolving 
matter were there collected, it would obtain equal angular velocity from, and 
sustain equal resistance to, the force that gives it the rotary motion. 

The centre of gyration in different forms of bodies will be found by the for^ 
mula^ on pages 2^ and 205. 

F= constant force in pounds, acting to rotate the body as in figs. 240 and 

260, or the mean force on a steam-piston. 
r = radius in feet upon which the force J^ acts. For a steam-engine the mean 
radius will be r = 0*63661 X the radius of the crank, or 0.3183 S, when 
jS = stroke of the steam-jnston in feet. 
W= weight in pounds of a fly-wheel, or other rotating body. 
X = radius of centre gyration in feet. 
T= time in seconds in which the force J^is applied from the first start, or 

the time in which the velocity is accelerated. 

N = number of revolutions in the time T. 

n = number of revolutions per minute. 

K == work concentrated in the revolving body. 

/= irregularity in a fraction of the mean revolutions n. 

For a double-acting single-cylinder engine, the fly-wheel in its regular course 

of running has an irregular velocity through each revolution. Its smallest 

velocity is when the crank is at an angle of 40^ from the beginning of the 

stroke, and its greatest velocity when at 40° from the end of the stroke. The 

larger the fly-wheel is for a given velocity, the more regular will the machinery 

run without limit. But the fly-wheel may be made so email that its accumo- 

lated work cannot carry the machinery around, which will be the case when 

the irregularity / = 1. In ordinary practice make irregularity / = O-l to 0-01. 

Example 1.— What force JP= ? is required to give a body W =«■ 3600 pounds 

an angular velocity n = 76 revolutions per minute in a time 37= 24 seconds, 

the radius of gyration being a; == 12 feet, and the force JP acting on a radios 

r = 3 feet? |^j^ „ 8600 X 12» X 76 ,_^^ ^ ^^ 

^= 30712^ = 3(y71X24X3 = "^^^ P^"^"^' *^^ *"«^«^- 
Example 2.— Required the weight IF = ? of a fly-whed for an engine of 
i> = 36 inches diameter of cylinder double acting, with steam-pressure p = 50 
lbs. per sq. in. S= 6 feet the stroke of piston. Area of steam-piston 1017-8 
sq. in., and the force jP= 1017-8 X 60 = 60890 pounds. Radius of gyration 
a; = 10 feet, and n = 48 revolutions per minute. Assume /« 0*05. 

Should the steam be used expansively, the fly-wheel ought to be so much 
heavier, as the initial pressure is greater than the mean pressure. 

The riadius of gyration in, a fly-wheel, including the arms, can in practice be 
assumed to be the inner radius of the ring. 

Example 3.— What time from the start of engine is required to give the fly- 
wheel in Ex. 2 a velocity of n = 48 turns per minute ? r = 0'8183 S= 1*9098 ft. 
Wa^ n 07876-2 X 10> X 48 ,^^^ 

^° 807-17 Pr "^ 807-17 X 60890 X 1-9098 == l^-S^ seconds. 

Example 4. — ^Let the steam-engine in the preceding examples be applied to a 
rolling-mill, geared two to one of the rollers. An iron plate is rolled throi^h with 
N— % revolutions of the engines, after which the revolutions were found to be 
reduced to n^ = 36 per minute. Required the work done in rolling the plate; 
and what time is required for the engine to regain the n = 48 revolutions? 

Workdone by engine, K^2FS'N=^ 2 X 67376-2X 6X 8 = 6468115-2 footps. 

Work done by fly-wheel, 

_ TF «« («? — ni«) 67376-2 X lO^ (48* — 36«) „.-«„ ^ ^ , 

^ = 6866-5 ^^ism = 1167671 footpounds. 

to which add 6468115-2 = 7625786-2 footpounds, work consumed in rolling plate. 

The time required for the engine to make up the n = 48 revolutions will be 

Wa^jn-nr) __ 67376-2 X lO' (48 - 36) _ 
307-17 Fr ~ 307-17 X 60890 X l-«>98 ~ ^ seconds. 



GiBCULAR MOiEION. 



S^om&itlas fbr Accelerated Clrcitlar Motion* 

.Fbree I\ in pounds, acting on the Lever w Badiui r, to rotate the Body. 

Sm-llTr '^2MT*r'^ir rn T 2 v r N 

Ftndl BcotHutiontper Minute inVie Time T. 
120 J 



20 JT 807-17 J'yr ^ 60 g ^ /6866-6i: 
T — Wafi ^ v r T F -1/ Wsfi 

TcML NtmSber of Reoolutimt in the Time T. 

Tn^ 2-66 .Fr^r K T fW 

^'^ 120 * Wa^ *" 2 IT r ^"^ 1-666 ar^ IT* 

Time of Acceleration, in Seconds, from the Start qf Change qf Motion, 
Wx* n ^ jWa^N ^ 60 iT ^ xyWK 
80717 JP r °° -l/TEOv " IT r n J*"* 2Fr' 

Radiiuof Gyration, in Feet, of the, Bevdhing Body, 



V 30717 Fr T I 2-66 F r 

Wn '^'%/ WIT 



2-56 FrT* K T 827-78 K 



W 



4 JV yWNFr n yWn TFr 
Weight, in Foumds, of the BenoMng Body, 

^ 807-17 TFr ^ Z'bQT* Fr 6866-5 J£: _ Jgr* 

a^n a^N .^ n^x^ 2-464 »« iV«* 

Work in Footpounds, eoncentrated in a Beoolving Body. 



^ Wa^rfl 2-464 Wx* N* irrnF T « „ „ 
^=-6866^ = T^ 60 ^^rNF 

Fly-lliriieels for Steam-Bnerinefl* 

Fly-Wheel for a Single Acting SteamrEnginefor Uwifarm Work, 
_ 6866-5 J»<Sr 76-6 \VS 76-6 [FS , 6866-6 Jf'JS 



6 /i^ 



n?a^/ X ^Wf n -^Wf "^ " afirfiW 

Fly-Whedfor a Double Acting Steam-Engine for Uniform Work. 
2M2 FS 80.42 fWS 60-42 JFS 2M2FS 

^ n^««/***" X -^Wf' "'" n ^Wf'^^ 9^7fiw' 

FLy-Whedfor a Double Acting Two-Cylinder ^Engine for Uniform. Work. 
_ ni2 FS 34-28 ITs 34-23 [FS . 1X12 F 8 



Sr 34-28 / 



w^a^/ »\/^/ n •%/?r/ •'"" a«»^?r 
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239. 



A line or Bar* 
X -. 0.5775/, 
»- 0-2887/. 



240. 



A circumference round its diameter , 
A circle-plane round its centre, 
A cylinder round its axis, 

X « 0-7071r. 




241. 



A circle-plane rou?id Us diameter, 
»-0'5r. 




v^Od' 



"^ 



242, 



A Sphere round its diameter. 

Convex surface, J? - 0-8165r, 
Solid, . . . a? =» 0-6324r. 



243. 



■s^ 



Pardldopiped. 
V T2~' 



•V^*""' 




244. 



Cylinder, 
2 ' 

ly^ 

12- 
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246. ^~ 
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Cone. 
"20"' 






+3i2« 




246. 



Conic Frustum. 






+3i2 r^R r» 



10 ^ i?»+i2 r+r' 



^)^ 




247. 



Cylinder and Sphere. 



X « >^a»+ir% 



*= Vo«+|f*. 




X « 0-204 VI^FkBhJs 
"2~- 



Fly Wheel. 
F G : Wg - x* : s\ 



250. Fly Wheel with Arms. 

R^+r^ 4r^^ 



V T2(Jr+w7) 
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CENTEE OF PERCUSSION. 

Centre of Perensslon is & point in which the momentums of & motring 
hody are concentrated. Centre qf JPercmsion is the same as centre of oscHUOion, 
and to he calculated hy the same formulas. 

Take an iron har in one hand, and strike hearily over a sharp edge, If tlie 
centre of percumon of the bar strikes over the edge, the whole momentum will 
there be discharged, but if it strikes at a distance fbom the centre of percussion a 
part of the momentum will be discharged in the hand, and a shock felt. 

It is sometimes of great importance to prqoerly place the centre of percussitm. 
If it is dislocated, the moTing body not only fails to properly transmit its effeet^ 
but the lost momentum acts to wear out the machinery. 



CENTRE OF GRAVITY. 

Centre of GrurvHy is a point around which the momentums of all maiten 
(under the action of the force of gravity) in a body, or ^stem oi bodie«, are 
equally divided. 

A body or system of bodies suspended at its centre ef 
gravity^ will be in equilibrium in all positions. 

A body or system of bodies, suspended in a point out of 
its centre of gravity ^ will hang with its centre of gratify rer- 
tkal under the point of suspension. 

A body or system of bodies suspended in a p<^t out of 
its centre of gravity, and having two different positions, 
the two vertical lines through the point of suspension 
will meet in the centre of artnity; thus if a plane be hung 
up in two different positions, the vertical lines a, 6, and 
e, d, will meet in the centre of gravity o. 

s ^ distance to the centre of gravity as noted in the 
figures. 

BstwnpteV. The radius of a circle being 8 feet, how fkr is 
its centre of gravity from the centre of the half circle T 
« » 0-6367X3 = 1*91 feet. 

Exannj^ 2. How ftr from the bottom of a j^Undric shell, 
open at one end, is its centre of gravity ? Ibe cylinder is 
4 feet long, radius r » 0*8 feet 




'' r+2A - 0-8+2X4 



mm 0-626 feet. 



Exam^Z. Sig. 264. An irregular figure weighing Pa- 188 pounds, is sus* 
pended between a fulcrum and a weight, Z » 6*6 feet, Wmm 67 pooiuls. Be* 
quired the distance to the centre of gravity s «- T 



67X6-6 



«2-31ftet 



CxNTRB or Gravity. 
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252. 



Quadrangle, — a and h parallel* 

253J 

Triangle, 

h 




254. 
Half a circle plane or Elliptic ploM* 
«-0424r. 




255. 



Circle sector* 
2c r 



256. 





257. 



Circle Segment, a — area. 

**12a 

X = A+« — r. 

Parabola. 
2h 



For half a Parabola j? = g *• 



Centre op GnAYnx. 




258. 



Half Sphere. 



Conyex surface • • 
Solid 



2;— {r. 




•V^ 



< z ^ 



259. 



SoM, 



Spherical Setter* 



'"iir-i)' 





260. 


Spherical Segment. 




Convex surface « — 5-» 




SoM 


'^"2-L3rVA« 


] 


261. 


Cme. 




Conyex surface « - j-* 




SoHd 


h 







262. 



Conic Frustnm. 



h hrR-r-\ 
Con.sur. ^^ g- g-LxfT-J 

oT^ A ri?+r(2JR+3r) 1 



263. 



Pyramidie Frustum, 

A and a = area of the two bases. 
h rA+3aH-2\/ Jfa 1 



SoUd z: 



\{ 



A-iraW A a 
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Irregular Figure. 
Wl 



To find the Centre of Graoity of tvh 
bodies^ P and Q, 






B^ 



Pa 



To find the Centre of Gravity of a sys- 
tem of bodies* 



, Ra Qd 



Half a circumference af a Circle or 
Ellipse, 

. «-0-6367r. 




268. 



Circle arc or ElUptic arc 
c r c(dHA^) 




269. 

Cylindric Surface with a bottom in one 
end. .- [ 

h. 
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SPECIFIC GRAVITY. 

Speeiflo Gravity is the comparative density of substances. The unit fl>r 
neasuring the specific gravity is assumed to be the density of rain water, or 
listUied water. 

One cubic foot of distilled irater ireighs 1000 ounoes, or 62*5 poonds aToir* 
iupois. 

To Find the "Weigltt of a Body. 

RULE 1. Multiply the contents of the body in cubic feet by 62*5, and the 
product bv its spedfic gravity, will be the weight of the body in pounds 
Avoirdopou. 

RULB 2. Multiply the contents of the body in cublo inches by 0*03616, 
Bind the product by its spedfle gravity, will be the weight of the body in 
pounds avoirdupois. 

RULE 8. Divide the speeUlo gravity l^ 0*016 and the quotient is the weight I 
of a cubic foot 

Examj^ 1. A bottle full of mercury is 3 inches, inside diameter, and 6 inches 
high. How much mercury is there in the bottle in pounds? 

One cubic inch of mercury wei^ 0*491 pounds, and by the formula for 
Fig. 110 we have the 

weight » 0*49lX0*785X8iX6 » 20*85 pounds. 

ExampU 2. Required the weight of a cone of cast iron, diameter at the 
base d » 1*33 feet, height A » 4 feet? One cubic foot of cast iron woi^ 
450*5 poundS) and by formula for Fig. 117 we have the 

weight " 450*5X0*2616Xl*33ax4 — 884 pounds. 

ExampU 3. The section area of the lower hole in a steam boat is 245 square 
feet; how much space must be taken in the length of the hole for Iffl tons 
of anthracite ooel? 

Anthracite coal are 42*3 cubic feet per ton. 

length » ^^^^" -* 22*6 feet, the space required. 



TTeiglit and Bulk of SalMtaaiee% 



Nama of Substanoet. 



Cast iron. 

Wrought iron, 

Steel, 

Copper, - . • 

Lead, 

Brass, 

Tin, ... 

Pino, white • 

" yellow, • 
Mahogany, 
Marble, comiiiOB> 
Mill-stone, 
Oak, live - • 

« white, . 
Clay, - • 
Cotton Bales, • 
Brick, . • 
Plaster Parif, • 



CfuMc 

fut 

tn 

pounds. 

450*5 

486-6 

489*8 

665« 

70J-7 

537*7 

456 

29-56 

83*81 

66*4 

141-0 

130 

70 

45.2 

101*3 

100 
105 



0ubici 
foot 
per 
ton, 

4*97 

4*60 

4*57 

4K» 

3*16 

4*16 

4*91 

75*6 

66*2 

33*8 

15*9 

17*2 

32-0 

49*5 

22*1 

22*4 
21*3 



Nama of SiMamcu, 



Sand, • • • 

Granite, - - - 

Earth, loose, • 

Water, salt, (sea) - 
" fresh - 

Ice, . - - . 

€k>ld, - - - 

SUver, - 

Coal, AnthraciU • 
** Bituminous • 
" Cumberland • 
" Charcoal 

Coke, Midlothian - 
" Cumberland • 
«* Natural Virginia 
Conventional rate of 

Stone coal, 28 bushels 

(5 pecks) = 1 ton, - | 



Oubie 

/«t 

tn 
poundt.\ 

M*» 

139 

78*6 

6411 

62*5 

5a*Q8 

1013 

561 

6a 

50 

63 
18*2 
32*70 
315T 
46-64 



ten. 

23-7 

16*1 

28*5 

34<8 

86*9 

88*51 

2*21 

4n 

44*8 

m 

123 
€8*5 

70* 

m 



43-a 
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To Find the Specific Gravity* 

W= weight oi a body in the air. 

to *» weight of the body (heavier than water) immersed in water. 

S a specific gravity of the body. Then, 

W—wiW^liS. S^jpX^, .... 1, 

ExampU 4. Required the specifio grayitv of a piece of iroa«ore weighing 
0'fi45 pounds in the ahr, and 4*936 pounds in water, S^mJ 

^ " 0-846 --4-iaft "" *** ***• •P^sttc gniTity. 

When the body is lighter than water, annex to it a heavier body that is able 
to sink the lighter one. 

S B specific gravity of the heavier annexed body. 
8 » specific gravity of the lighter body. 
IF— weight of the two bodies in air. 
w «■ weight of the two bodies in water. 
Fss we^ht of the heavier body in air. 
« >■ weight of the lighter body in air« 



»-— ^ — V * 

ir-»— 5 

ExampU 6. To a piece of wood, which weighs » «» 14 pounds in the air, is 
annexed a piece of cast-iron F^ 28 pounds; the two bodies ti^ther we^h 
w » 11*7 pounds in water. Required the spedflo gravity of ihe wood! 
IFs» F+t» « 28+14 = 42 pounds. 
S s 7*2 specific gravity of cast-iron. 

Jbr»M<to2. 5=. ^ ^ «« 0-629, the ifeciflo 

42-m-^ 
7*2 

gravitv of the wood, (Poplar White Spanish.) 

A simple way to obtain the specific gravity of woods, is to form it to a parallel 
rod, and place it vertically in watery then when in equilibrium, the immersed 
end is to the whole rod as the specifio gravity is to L 

Example 8. A cylinder of wood in 6 feet, 3 indies long, when Immersed verti- 
cally in water it will sink 3 feet, 9 inches by its own weight Required its spe- 
cifio gravity. 

8-76:846-5:1, 5-i^«0-600. 
0*26 

lb ditoomr (he JdvUencHon in MeUdi. or to find fheproport^mt of two Ingredientt 
in a OompouncL 
■ -._ TF-<(IF~u>) 

-i ' 

JEtottipIs 7. A metal compounded of silver and gold weighs IF a* pounds 
in the i3r, and in water w =m 5*630 pounds. Require tba proportions or silver 
Mid gold? 

S sm 19-86 specific gravity of gold. 
* » 10*61 specific gravity of silver. 

,^ht F- «-.^»^(g-6*gSg) . 4.755 pounds of goM. 
, 10*61 
"~ 19^ »»d 1-246 pounds of silver. 



BpBoinc Gratht. 



Jiames of SubUanca, 



gravity. 



Metals* 

Platinum, rolled • - 
" wire, - • 
M hammered, 
** purified, 
" crude, graius! 

Gold, hammered - • 
" pure cast - - • 
" 22 carats fine - 
« 20 *• " - 
Mercury, solid at — 40° 
« at+320 Fahr. 

« « eo® 

" « 212® 

Lead, pure - • - 

^ hammered • 
Silver, hammered • 

« pure 
Bismuth, - 
Red Lead, - 
Cinnabar, • 
Manganese, 
Copper, wire and rolled 

" pure- - • 
Bronze, gun metal 
Brass, common • - 
Steel, cast steel • • 

" common soft 

*^ hardened &, temp. 
Iron, pure - - - - 

*' wrought and rolled 

*^ hammered 

" cast-iron - 
Tim, from Bohmen 

'< English- • 
Zinc, rolled - • > 

" cast- - - 
Antimony, - • 
Aluminium - - 
Arsenic, - - - 
Stones and ESarths* 

Topas, oriental 

Emery, - - - - - 

Diamond, - - - • 

Limestone, green - 

" white - 

Asbestos, starry - 

Gla«s, flint - - • 

" white - - - 

« bottle - . - 

« green - - - 

Marble, Parian • - 

" African - 

« EgypUan - 

Mica, 

Hone, white raior 

Chalk, 

Porphyry,- • - - 

Spar, green - - - 

** blue . . - 



22-669 

21042 

20-337 

19-60 

16-602 

19-361 

19-258 

17-486 

15-702 

15-632 

13-619 

18-680 

13-376 

11-330 

11-888 

10-611 

10-474 

9-823 

8-940 

8-098 

8-030 

8-878 

8-788 

8-700 

7-820 

7-919 

7-833 

7-818 

7-768 

7-780 

7-789 

7-207 

7-312 

7-291 

7-191 

6-861 

6-712 

2*6 

5-763 



4-011 

4-000 
3-521 
3-180 
3-156 
3073 
2-933 
2-892 
2-732 
2-642 
2-838 
2-708 
2-668 
2-800 
2-838 
2-784 
2-766 
2-704 
2-693 



Weighi 

cubic 
inch. 



•798 
•761 
-736 
-706 
•566 
-700 
•697 
•733 
•668 
-566 
•493 
•491 
•484 
•410 
•412 
•381 
•379 
•356 
-324 



•321 
-318 
-316 
•282 
-286 
-283 
•283 
-281 
-282 
-282 
•261 
•266 
-264 
-260 
-248 
-244 
0-09 
-208 



•145 
-144 
-127 
•116 
•114 
•111 
•100 
-104 
■0987 
-0954 
103 
-0978 
0964 
1000 
104 
•100 
-0999 
•0976 
•0971 



Ndma iif BiMameu, 



Alabaster, white 
** yellow 
Coral, red - - • 
Granite, Susquehanna 

« Quincy 

" Patapsco 

«« Scotdi- 
Marble, white Italian 

" common 
Talc, black - 
Quartz, - - - 
aate, - - - 
Pearl, oriental 
Shale, - * - 
Flint, white - 
« black - 
Stone, common 
" Bristol 
" Mill - 
<« Paying 
Gypsum, opaque 
Grindstone, • 
Salt, common 
Saltpetre, - - 
Sulphur, natiye 
Common soil. 
Rotten stone. 
Clay, - - - 
Brick, - • • 
Nitre, • - • 



Plaster Paris, 

Ivory, - - • 
Sand, - - • 
Phosphorus, • 
Borax, - - • 
Coal, Anthracite 

" Maryland 

« Scotch - 

« Newcastle • 

<< Bituminous - 
Charcoal, triturated 

Earth, loose - - • 

Amber,- - • - • 

Pimstone, - • - 

Lime, quick • • • 

Charcoal, - - - - 

IVoods (Pvji 

Alder, - . - • • 

Apple-tree, - - • 

Ash, the trunk • • 

Bay-tree, - - • - 

Beech, - - - • • 

Box, French - - - 

" Dutch - - • 

« Brazilian red- 
Cedar, wild - - • 

<« Palestine - 



apeei^ par 
grcantyj cubic 
incft. 



2-730 
2-609 
2-700 
2-764 
2-062 
2-640 
2-626 
2-708 
2-686 
2-900 
2-660 
2-672 
2-650 
2-600 
2-694 
2-682 
^620 
2-610 
2-484 
2^416 
2^168 
2-143 
2-130 
2O90 
2K»38 
1-984 
1-981 
1-930 
1^900 
1-900 
1-872 
2-473 
1-822 
1-800 
1*770 
l-n4 
1-640 
1-436 
1-366 
1-300 
1-270 
1-270 
1-880 
1-600 
1-078 
1-M7 
0-804 
0-441 

•800 
•798 
•845 
•822 
•862 
•912 
1-328 
1-031 
•696 
•613 



•0987 
•0974 
•0974 
•0976 
-09S8 
•0964 
•0948 
•0978 
•0968 
•0105 
•0962 
•0965 
•0957 
•0940 
•0986 
•0933 
^0910 
•0906 
•0897 
•0873 
•0783 
•0775 
•0770 
•0766 
•0786 

•on7 

-0416 
•0698 
•0686 
•0636 
•0677 
•0894 
^0669 
•0661 
•0040 
•0620 
•0503 
•0592 
•0490 
•0470 
•0460 
•0460 
•0500 
«Si2 
«0387 
•0596 
•0291 
•0160 

•028» 
•09B7 
•0906 

•osgr 

•0308 
•0680 
•0480 
•0878 
•0219 





Spwano Gravity. 




21i 






\WeigJU» 


\ Weigh 




^y\&\ ^am^<^Sub^nces, 


SpeciM per 
gratniy.\ cubio 






inch. 1 




inch. 


Cedar, Indian • 


1-316 


•0476 


Oil, Linseed - . 


•940 


•0344 


** Americttn 


•661 


-0203 


" Olive- - - 


•916 


•0331 


Citron, - 


•726 


•0263 


»* Turpentine • 


•870 


•03K 


Cocoa>wood, • 


1-040 


•0376 


« Whale - - 


•982 


•0331 


Cherry-tree, • 


•716 


•0269 


Proof Spirit, - • 


•926 


•033^ 


Cork, 


•240 


•0087 


Vinegar, ... 


1-080 


•039( 


CypresB, Spanish - 
EboBj, American • 


•644 


•0233 


Water, distilled 


1-000 


•0363 


1-331 


•0481 


« Sea . . 


1*026 


•037J 


** Indian 


1-209 


•0437 


** Dead sea • 


1-240 


*044{ 


Elder-tree, - - 


•606 


•0262 


Wine, - - . 


•992 


•035£ 


Elm, trunk of - 


•671 


•0243 


« Port • . 


•997 


•036] 


FUberUree, - . 


•600 


•0217 








Fir, male - • • 
« female . . 


•660 
•408 


•0199 
-0180 


J!li«c«llaneoii0« 






Hazel, - 
Jasmine, Spanish - 


•600 
•770 


•0217 
•0279 


Asphaltum, • • / 


•905 
1-660 


•0327 
0697 


Juniper-tree, - 


•666 


-0201 


Beeswax, . • • 


•966 


'0349 


Lemon-tree, . - 


•703 


•0264 


Butter, • 


•942 


•0341 


Lignum-Tit», • 


1-333 


-0482 


Camphor, 


•988 


•0357 


Linden-tree, • 


•604 


-0219 


India rubber, - 


•933 


0338 


Log-wood, 


•913 


•0331 


Fat of Beef, - . 


•923 


•0334 


Mastio-troe 


•849 


-0307 


" Mutton^ I 


-936 


•0338 


Mahogany, 


1-063 


-0385 


-923 


•0334 


Maple, . • • 


•760 


-0271 


Gamboge, - - 


1-222 


•0442 


Medlar, ... 


•944 


•0342 


Gunpowder, loose - 


•900 


•0325 


Mulberry 


•897 


•0324 


shaken 


1-000 


•0361 


Oak, heart of, 60 old 


1-170 


-0423 


Wild - { 


1-660 


•0561 


Orange-tree, • 


•706 


.0255 


1-800 


•0650 


Pear-tree, 


•661 


•0239 


Gum Arabic, - 


1-452 


•0525 


Pomegranate-tree, - 


1-364 


-0490 


Indigo, - • • 


1-000 


•0365 


Poplar, - . - 


•383 


•0138 


Lard, 


•947 


•0343 


" white Spanish 


•629 


•0191 


Mastic, - . - 


1-074 


•0388 


Plum-tree, 


•786 


•0284 


Spermaceti, - 


•943 


•0341 


Quince-tree, - 


•706 


-0256 


Sugar, ... 


1-606 


•0580 


Sassafras, 


•482 


-0174 


Tallow, sheep - 


•924 


•0334 


Spru-e, ... 


•600 


•0181 


« calf - . 


•934 


•0338 


« old - . 


•460 


•0166 


« ox, . . 


-923 


•0334 


Pine, yellow - 


•660 


•0239 


Atmospheric air, • 


-0012 


^..4& 


" white - . 


-654 


•0200 








Vine, - - - 
Walnut, - 


1-827 
-671 


•0480 
•0243 


Gates* Vapoura* 




Weight 
cub.ft. 


Yew, Dutch - - 


•788 


-0285 






p'ctins. 


" Spanish - - 


•807 


•0292 


Atmospheric air, - 


1-000 


627-0 


I.lqiUd8. 






Ammoniacal gas, - 
Carbonic acid, • 


-500 
1-527 


263-7 
805-3 


Add, Acetic - . 


1-062 


•0384 


Carbonic oxid. 


•972 


512-7 


" Nitric - - 


1-217 


•0440 


Carburetted hydrogen, 


•972 


512-7 


" Sulphuric - 


1-841 


•0666 


Chlorine, . - - 


2-600 


1316 


« Muriatic 


1-200 


-0434 


Chlorocarbonous acid. 


3'472 


1828 


« Fluoric - 


1-500 


-0542 


Chloroprussic acid. 


2-152 


1134 


" Phosphoric - 


1-658 


•0563 


Fluoboric add," 


2-371 


1250 


Alcobol, commercial 


•833 


•0301 


Hydriodic acid, • 


4-346 


2290 


« pure 


•792 


•0287 


Hydrogen, 


•069 


36-33 


Ammoniac, liquid • 


•897 


•0324 


Oxyj^n, - - - 


1-104 


681-8 


Beer, lager 


1^034 


•0374 


Sulphuretted hydrogen. 


1-777 


9370 


Champagne, • 


9-97 


-0360 


Nitrogen, 


-972 


512-0 


Cider, 


1-018 


•0361 


Vapour of Alcohol, 


1-613 


851-0 


Ether, sulphario - 


•739 


•0267 


" turpen'e splr.. 


6-013 


2642 


Egg,. - - . 


1-090 


•0394 


« water, - 


-623 


328-0 


Honey, • 


1-460 


•0524 


Smoke of bitumin. coal. 


•102 


63-80 




1-054 


•0381 


« wood, - 


•90 


4740 


Milk, . . . 


1-032 


•0373 


Steam at 212P - - 


•488 257-3 



U HTimoMmB. 

HYDROMETER. 

A COST wholly immersed in a liquid wiU lose as mach of its weight, tm th* 
rolgbt of the liquid it displaces. 

A floating body will displace its own weight of the 
07A n liquid in which it floats. 

-6 1 u. I/, ^ cylindrical rod of wood or some light materiala, 

being set down in two liquids, A and B, of different 
specific gravities, when in equilibrium it will sink to 
the mark a in the liquid A, and to 6 in the liquid B; 
then the specific gravity ot A:B»bfO:a,e,ot in- 
verse as the immersed pert of the rod. This is the 
principle upon which a hydimneter is oonstmcted. 
ta 1 

Lfe?" 




TahU thouring the comparative Scale* of Gay Luuae and Baumi, wUh the Specific 
QravUy and Proof, at the femperature ofW Ibhr. 



Proof. 



271. 




1001 




92 


9 


82 


^ 


72 


9 . 


62 


1^ 


62 


1 


42 


i* 


82 


»4 


22 


& 


12 




0) 


PtooC 


8 




18 




29 


Hb 


tSS 


48 





HYDROSTATICS. 

Letters denote. 

A and m = areas of the pressed surfaces in square feet. 

P and p = hydrostatic pressure in pounds. 

d => depth of the centre of gravity of A or a under the surlhoe of tiie liquids 
In feet.- 

S = specific gravity of the liquid. 

Example 1. Fig. 272. The plane A = 83 square feet, at a depth of <l — 6 feet 
ander the surface of fresh water. Bequlred the pressure P « t Specific gravity 
}f fresh water Stm %, 

P= 62^A d — 62-6X8-3X6 «- 1287-6 pounds. 

Esoample 2. Fig. 276. The area of the pistons A s 8*6 square fbet, a «■ 008 
iquare feet, I » 4 feet, e » inches, and F^IZ pounds. Required the pree* 
>ureP=? 

P„ HA „ 18X4^ „ ^800 pound,. 

Tt must be distinguished that the centre of pressure and centre of gravi^r of I 
he planes, are two different points ; the centre of prenure is l>elow vie centre 
»f gravity, when the plane is inclined or vertical. 



HTVBOSTAflOI. 
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272. 



P = 62-5 SAd 



A= 



62-5 Sd, 

P 
62-5 S A. 




273. 



The Hydrostatic paradox. 



The pressure P is independent of fhe 
width of column C. 

P = 62*5 SAL (same as above.) 




274. 



P^A(62'bSh-{-P\ 




275. BramaKs Hydraulic Press, 
FIA A_PeM 

Pea ^ FAl 



F- 




276. Centre of Pressure of a rectangle^ 
the upper edge at the surface 

of the liquid d = i h. 

277. Centre of Pressure of a triangle^ 
the base beims: at the surface of 

the Uqutdy rf «= 4 ^« 




278. Centre of Pressure of a 
trianglcy the vertex being at the surface 
of the liquid,d « J A. 



rf - ^ + V4(A-A'r + /i». 



ue 



HYDRAULICS. 



Let the veBsel Ay Fig. 284, be kept constantly full of water np to the water 
Jne to. In two horizontal faces lower than the water line to, are made orifices 
I and a\ through which the water will pass up vertical nearly to the water 
ine to. Omitting the resistance of air, cc, the jet should theoretically roach 
^e water line w; practically it reaches 0-967 A. 

It is evident that the velocity of the iet through the orifices, must be the ve- 
locity due to a body falling the height fi, according to the law of force of 
gravity. 

Letters denote, 

Q =3 actual quantity of water discharged per decond or in the time t, in culile 
feet 
h =a head, or height of water over the orifice. 
t =x operating time in seconds. 
a = area of the orifice in square feet. 
m = the coefficient for contraction. (See Fig. 299) 
O = gallon of 231 cubic inches discharged in the time £. 
Fas velocity through the orifice in feet per second. 

JExcanple 1. Fig. 284. How many gallons of water will be discharged in five min- 
utes, through an orifice of 0*025 square feet, applied at 8 feet under the level of 
the water? 

a » 37'7Sa t y& mm 37-75X0-025X6X60 1/8 — 800 gaUons. 

J%. 285* The weight P can represent the weight of a column of water whose 

P A' 

height s» ^-2 =* oW"* "**^"* **^ ^^ "^* "^ 

i^^.286.n a number of down strokes per minute, t «> stroke of piston ; the 
air vessel C= 6A t at the pressure of the atmosphere. 

Example 2. Fig. 286. How many double strokes must be made per minute by 
the lever of a hand pump, to throw up 22 cubic feet oi water 18 feet high, in the 
time of 8 minutes and 15 seconds ; the levers I =^20 inches, < as 8 inches, 
g =s 0-8 feet, 1* :» 20 pounds f 8X60+15 » 495 seconds. 

8630OA'e 8630X22X18X8 ^. ^ ,_, , . 

»'■- TtV ^4^5>fe0X30=-^'^-*~^^P«''^"**- 

Example 3. Fig. 294. A vessel of rectangular fbrm is of dimensions .A m 6 
square feet, the height A =» 5 feet What time will it take the water level to 
sink 2 feet^ when the orifice a = 0'212 square feet 

2-52o(yA+V'V 2-52X0-212(|^5+y3) 

Motion of IVater in Fip«8f 

lidters denote, 

L a extreme length of the pipe in feet 

d =■ inside diameter in feet, and uniform throughout the length £. 

Snmple 4. Fig. 287. What will be the velocity of the water through a pipe of 
45 feet inside diameter, and 2^ a 68 feet long, the head pressure of water being 
%»«8feet7 



^-"\/ 



0;46X8_ „jHJ feet per jwoond. 
68+50X0-46 ^ 



Htd&aduos. 
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^^^^--^--- 


A-l IK 


■=i ^::^z.^^^^^p^ 


EE^rE^^-f 


.; ■• 


^:^l 






284. r=8-02Vir ^ 

Q ^.mat 8-02 \/T= 5-05 atVh 

Q, jet = 0-967 h , 



h: 



26-5 a«<« 



285. 







286. 



n .*4 7—7 3630 Q A' e 



G=7-5ar 



287. iVfoeidw of Water in Pipes. 



F»48a 



e«37-7d»4/z+ 






6 [ir^ 



•=-</? 



142 d» • 



288. 



Mot ion of W ater in Pipes, 

d F 



r=6-86\ /l}{L-\-md)y ^=6-S8d«J 



D(L+60d> 



res^y^ 



2-9d» 



289. 






Qs5^8rc2st 









Htdraulics. 




290. 



Weirs. 



Q:=^khi, See Table for Wetrg, 
t ^ b ^ 




291. 



Q « 5-35m b h tyPh 
6*35m^Av^A' 




292. 
Q = 5-35m b tihVTT— h' yT^Y, 
G = 40m A tihy/T-- h'JT), 

^= Q 

5-35m5(Ai/7r=TVAy' 





A = area of the Teasel in sqiiare feet. 
t = time in seconds, in which the water level 
will sink the space h — V. 

294 ^1 

Q = 4mat(Vh^y/TJ, 



_m4f^jmj^ m 



-A— A~ 






i;^^ 



295. 



*=- 



d'85a m 



(>A-v^, 



.i^A" ./ ^ Ayr 

3^85^^' 3-85am' 



HnysinLies. 



296. 




< = 



AV , 

A-^A' 




297. 



F=. 



Short DraitL 
802 /^ 



Q = tf mF^ from Vtov about 6 \^a , 



298. 



< "fc > 



Long Drain, 
V = 8-02 Vh 



^^'^^^®^^^ 




t) = A / F« + 64- 32^'- 0-007 iil* 

5 « J+2d I '^ Vtov, feet. 

299. Proportions of the contracted Vein. 

a:m = 10»:8% m = 0-64a. 
m = 0-64 tt^Aen contracted on 4 5tic5. 
m = 0'72 « " « 3 sides, 

m = 0-8 " " "2 5trf€5. 

»» = 0-9 " « «l5irf«. 

30CL "~~ 

The form of the Vein is a Pardbolcu 

d^2>/W, _F=8V7rr7" 



tanvm 



d 



h^ 







301. 



^ = 5tV zh y^ tm* z cos, » h^ 

rf - 2 \/ (A' + X ) (^ - a? f-y 
Q = 8maty7r r-8/A+^ 



HTDRAVUOS.— HTMtODTNAiaOB. 



Example 6, Fig. 289. Required thevelociiy and quantity of water discharged In 
I long pipe or hose of i =- 135 feet loag, and d =« 017 feet, attaclied to a hand- 
?ump of 1> =B 0-2 feet in diameter P = 44 pounds, and the end of the pip© ele- 
vated A ss ao feet aboye ^e piston 2>? 

r«6'86A /^S^^^S^^^- 1-96 feet per second. 
\/ ■ 0-2(135+60X0-17) 
O =M l-96y5-38X0-2« = 0*042 per secondXCO « 2fi2 cubic feet per minute. 
i « 0-8 feet th?Btroke of piston, we shiU haye 

« - o^sxofesi -^ '^ "^"^^ '^^^ °^'**'- 

Table for Water flowing over \reirs« 

This Table is set up from careful experiments 
on a large scale, and is suited for war* only. 

^irafilf^Multiply the width 6 in feet, of the 
weir by the coefficient fc, and the product is the 
quantity of water discharged per f«>^d, in cubic 
feet, h ia the height as represented by Fig. 290. 
The width h should be 6 > A. 

ExampU 6. How much water will flow oyer a 
wier of 6 = 5 feet, h = 0-6 feet in one minute? 
^ = fc K = 11295X6X60 = 388-36 cubic feet 



k.inchti. 


t::j^. 


m. 


Ic 


0-4 


0-033 


0-424 


H)1365 


0-8 


0066 


0-417 


1-05452 


1-2 


0-100 


0-412 


)-l0592 


1-6 


0133 


0-407 


)-16616 


2-4 


0-200 


0-401 


0-29171 


8-2 


0-266 


0-397 


)-444S0 


4- 


0-333 


0-396 


0-68111 


6* 


0-600 


0-393 


1-1295 


8- 


0-666 


0-390 


1-7464 


9- 


0^60 


0-385 


2-0331 


12 


1-000 


0-376 


13-1850 



HTDBODTNAMICS. 

Water Fower* 

The natural effect concentrated ina fall of water, iseq^^ltothe weightoftoe 
qu^ty of water passed through per second multipUed by the yertlcal space it 

i?^.297. Let eb«thequantity ofwaterwhichpassesthroughtheorificealn 
the time t = 1" second. In cubic feet of 62-5 pounds each. 

h = the vertical space the water fells; then the yalue or natural effect of the 
fall is at the orifice a. 

Pa. 82-5Q/^ effects. 

But, Q — Sroea^ then wehare ' 

P»816-5aft)/%. 
This will he in horse-power, 



ff=«0-673aA|/R; 

ff:»01184Q^ 






*- 



0-1134^ 



JBammpU 1. In a creek passes 18 cubic feet of water p«r Beooad. Hoiw U^ 
must that creek be dammed up to produce an effect of 10 horaeil 



10 
' 0-1134X18 



a 4-9 feet, the answer. 



naontaL I 



WAna-WBBLS. 

WATER-WHEELS. 

Water-wheels are of two essential kinds, namely, Vertical and HoriaontaU 

The Vertical are sabdivided into 

Oversfiot^wheds, Undershot^oheelSf BreoJtt^heds, and H^Jtrbreast and J 
vOueU. 

The HcruoHtal are wWi Floats^ Screvhwheds, l\irbine,Reaction'Whedg, <£p. j 

Waterwheels do not transmit in full the natural effect concentrated in a fU 
of water ; under most feiyourable circumstances 80 per cent, has been utilizfi 
but under poor arrangements only 20 per cent, may be expected. ^ 

Example 1. Fig. 302. The yerticai section of the immersed floats of an undM 
shot-wheel in a mid-stream is a = 27 square feet, Telocity of the stream V= 8*C 
and « s 4 feet per second. Required the horse-power of the wheel jff » 7 

JExampU 2. Fig. 307. On a breast-wheel is acting Q = 88 cubic feet of watei 
per second, the head h = S feet, velocity of the wheel at the centre of th< 
buckets « = 5 feet par second ; the water strikes the buckets at an angle tt = 8^ 
and Telocity V^7 feet per second. Required the horse-power of the wheel 



■l^4('+|pX~'-«°-'>)- 



: 65 horses. 



Example 3. Required the effect of Poncelet's wheel, the head A » 4 feet, and 
the orifice a = 5 square feet, the Telocity of the wheel at the centre of pressure 
of the floats is v => 6*78 feet per second 7 

F« 6-fll yi =i 13-82 feet per second. 

Q a 6'5X5X)^ => 65 cubic feet per second. 

Sr » 5^2? (13-82 — &18) = 16-8 horses. 

Example 4. Ilg. 309. A saw-mill wheel is to be built under a fall of A s 18 
Ibet, and to make n a HO rcTolutions per minute* Required the proper diam- 
eter of the wheeL 

I> »> ^ l/lT^A 8-857 feet, 

»t the centre of prMsure of the buckets. 
Felocity V^ 8/18 — 33-M feet periMcond. 

Velocity t> =^ ?-^X8-^7X110 ^ 32.3 feet per second. 

The fe>ll discharged 80 cubic feet of water per second. Required the 
power of the wheel. Ji* => 7 

^ ^ 80;^2 ^83-94 — 22-2) « 89 horses. 

How many square feet of dry Pine can it saw per hour 7 

See page 150. 30X39 sinOaquare feet 

The saw is meant to be applied direct on the wheel shaft 



522 




IfTDRimUCB. 

302^ 

Undershot wheel in a midrstream. 

When V ^2v about, the effect will he. 




303. 





Undershot-Wheel. 
When F - 2i;, about, JT- g^^. 

0-47 



804. 



Poncci«<'5 Wheel. 



jgr- ^(r - 1^), when A > 6 ftet, 
jff « ^gi^(F— 1>) when A < 6 feet, 

Q - SmaVT, F- 6-91 ^/X" 



ao5. 



Breast-Whed with Paraholic drain. 



Htdoaulzos. 



223 




806. Low-breast Whed> 

Q~U.Y~ -3- 'See table for wars. 
a 

807. Breast WhteU 



308. Over-shot Wheel 

Proper velocity about n = £5^ + 100, 
revolutions per minute. 



Saw-Mill Wheel 

Proper diameter of the WXerf, 
n =Tei>oiuttotis]jerTnin* 



TVKBINE VVnSELS. 



TURBINES. 

Letters denote, 
Qs» cubic feet of water passed through the turbine per second. 
h = height of fall in feet. 

D = diameter in inches of circle of effort in the turbine. 
as> area in sq. in. of the conduit passage into the turbine wheel. 
6 = depth in inches of turbine buckets. 
e = depth in inches of leading buckets. 
r= breadth of turbine buckets in inches. 
m = number of buckets in the turbine wheel. 
m'=9 number of leading buckets, 
n = number ot revolutions of turbine per minute. 
S and 8= height of conduit and discharge in inches. 
t = thickness of steel plate buckets in I6ths of an inch, 
H= actual horse power of the turbine. 

tf' =: diameter in inches of the discharge pipe. 

W= Hydraulic pressure on the turbine wheel bearing on the end of 1 
shaft. 



kyh 



0-436 r* 
n-_, ... 8 



20k Q 



V436D* 



r 


A&kq 




r 






t 


= 10' - • 






H 


=s 0-llJ 




H = 


30 Q» 




U = 


Sfi-o * 



20Q 

Dn 
a s= 0-436 i>r, 

a'=>i»r«, - - 
0^=0-960, - 

ao 
« oDn 

^=-2oF' • 



10 



12 



- 13 

- 14 



16 



16 



= 6/5, 
=4-5/5, 

0-626 JD 

0-78 D 
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< = 0-865. - . » 

<r=»D+2r, - - 28 



W= 



JPh 



H=s 0-1134 Q h natural effect of the ML, 



Actual hflrae power, 
^ QH per cent of the nututal* 



25 



21 



The rnefflplontitcnavftryfromBOO to 1200 without uerlotisly aftl^ctlM 
16 prr i^rnfj*ge pf thf^ ultili/.eil power, but it is best between 900 unJ 1000. 
his ia !i fjfCf^t atlvjintigcy qf the turbine over whtrr wheels, thnt under 
le SJim. hLtml of fivll It ssiifi nm sit rtlfTf recit vclouitles ftnil ntill utUiilug 
ne miiximiiDi erttcit. Whatever coemrlcnt k ndopttid it must be kepi; tb* 
ne thruuglioul thti cciti]>ttruclLoii of the turblae- ^ 



TrBBiiTE Wheels. 



JonvaPs Turbine has so many advantages above other hydraulic mo*^ 
tors that it is considered sufiBcient to describe the construction of thai 
one only, but the principal formulas will answer for any kind of turbines. 

On the accompanying plate is a drawing of a Jonval Turbine such ai 
the Author of this Pocket Book has built in Russia. The buckets are nai 
supported by concentric rings, but are fastened only on one side, which 
is considered more simple and convenient for replacing new buckets. Foi 
falls over 30 feet it may be better to make it with concentric rings. 
When a turbine is to be constructed wc have on the one side given the 
natural effect of the fall, and on the other side the actual work to be 
done, which latter should not exceed 66 per cent, of the former. Between 
these two points the turbine is to be so proportioned as to utilize the 
greatest possible effect with smallest expense of Machinery. 

Jonval's turbine in good condition generally utilizes 60 to 80 per cent. 
Suppose a fall of A ^26 feet, dischar^^g Q=12 cubic feet of water per 
second, the natural effect will be, 

IT— 0-1184X12X 25 = 34 horses, 
of which 34X'66=»22-4 horses to be counted upon as the actual eflRect of 
the turbine. 

Turbine shaft to make n=200 revolutions per minute with the assumed 
coefficient jfc= 960. From these dates we will obtain all the principal 
dimensions of the turbine, namely, 



60V25 „, , ^ 
—— — »» 24 inches. - - 1 
200 



20X960X12 



— 48Bq. In. 10 



24X200 

m« 6/24=24-6 say 26. • - 17 
m'«4*6»^ 24 = 22 buckets. - 18 



48 



= 4-6 in. 



0*436X34 

^26 
0*78X24 



^22 



- a 4 inches. 



l = ?? = 3-6,10ths. 
10 



In calculating the breadth r from formula 6, it must come inside of 
formula 7, if not the diameter D must be altered. 

Now proceed with the construction as shown at the bottom of the plate, 
which represents a section of the buckets through the circle of effort oi 
the turbine. 

The drawing of the turbine is I of an inch to the foot, and the construc- 
tion of the buckets 3 inches to the foot. 

Draw the base line ABy set off the angle of the leading buckets =10°. 
The distance between the leading buckets will in this case be 24X3-14:22= 
3-43 inches, set off this from S towards 4, draw the straight part of the 
second bucket parallel to the first one, draw from S the line dd&t right 
angle to the buckets, and e will be the centre for the curved part. From 
the centre of 5 draw the line o to the end of the second buckets, divide 
this line into eight equal parts take five of them as radus and draw from 
the end of the second bucket a circlearc of about 60^, which will be the 
propelling part of the turbine wheel bucket. 

Distance between the wheel buckets will be 24X3* 14^25=3-02 inches, set 
3ff this from A towards S, draw the second propelling arc. Set off from A 
the depth of the wheel buckets 6=3 inches, set off 2 6 to », which will be 
the length of the first wheel bucket. Set off from » to tt the distance 
>et ween the buckets 3-02 inches. Make* =0-86 5. Draw from it a curved 
ine in the form of a parabola that will leave the space » and tangent the 
)ropelIii7g circlearc somewhere about a. Care must be taken that the 
lischarging area a' of all the wheel buckets will be about 2 per oent. less 
han the conduit area a of all the leading buckets. The surface of the 
tuckets should be made as smooth as possible, or even polished. 

For very high falls the Hydraulic pressure IT becomes very considerable 



06 Water Pipes. 



And may necessitate another arrangement, namely, to lay the shaft hori> 
zontally and place on it two turbines so that the leading buckets are either 
between or outside of the wheels, but then comes another disadvanta^^e, 
namely, that the number of revolutions will be greatly Increased and maj 
be requued to gear it down 10 to 20 times to the proper speed of the mais 
shaft. J) 

To avoid this as much as possible take ;fc=800 and make >*— -^» 

One great advantage with JonvaPs turbine is that it can be placed 
almost an3rwhere between the high and low levels to suit the loca^on, 
though it should not be more than 20 feet above the lower level ; then is 
order to utilize the whole fall, care must be taken to make the discharge 

Sipe perfectly air tight. It is not necessary to make the discharge straight 
own from the turbine, it can be carried horizontally or inclined, as may 
suit the location. The Author has built turbines similar to that repre> 
sented on the accompanying plate, at General Maltzof s Establishment, 
Kaluga, Russia. 

VelocUy of Water in Rivers, 

The velocity of the water at the bottom in rivers is to that at the mX' 
face, as 8 is to 10. 

MOTION OF WATER IN PIPES. 

For OUy Water works, Du Buai*s formtda. 
Letters denote. 
Q.s= cubic feet of water passed through the pipe per minute. 
JJ=3 inside diameter of the pipe in feet. 
L =x length of the pipe in feet increased by 60 diameters. 
Ha difilerential head in feet. 
V as velocity of the water in the pipe in feet per minute. 

2366/P' p_ 1 */"W ^^ 3000 i/S 

^" ;L * 22-329 \/ -fl-' -jT 

. NIT *J H 

Example 1. A water pipe of D=1'75 feet in diameter, L=36,00(H-60X1*V 
« aeoST'S feet long, heaa pressure H=390 feet. Required how much watei 
it can discharge per minute 1 

^ 2366>g/r76>'^ 992-26 cubic feet. 
/ 36087-5 



1 36087-5 
si 890" 



Example 2. At a distance of 27960 feet from a water work is required 
Q=664 cubic feet of water per minute, head pressure being ir=25v%eft. 
Required the diameter of the pipe1^_L=27960-j-50— 28010 feet. 

i>= _J_. V^X^li ^ 1.4436 feet. 
22-329 \/ 266 * *«» »eei. 

Example 8. A water pipe of D=0-76 feet in diameter, L=8660-f60»8nQO 
feet, have a head pressure of H=128 feet. Required the velocity «=1 
of the discharge. 

V = 3000^^0^6 ^ ^j.^3^ ^gg^ second. 
/8700 



f 8700 
W 128 



Consumption of water in cubic feet per head of population, including 
all uses, as for manufactories, fires, &o., &c., in 24 hours. 
January, 2-68, I April, 2-73 I July, 4-68 I October, 4*46 

February, 2-40, May, 8-37 August, 4-76 November, 4-12 

March, 2.64, | June, 8-60 | Sept., 4-01 | December, S-ei 



as con^tnu^tod l>\'Jt'hn\\. >A"^tr('iii. 





Steam-boiler. 
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Joseph Harrison's Mnlti-splierlcal Steam-Boiler. 




Manttfactitred at Harrison Boiler Works, Grat's Ferrt Boap, adjoining 
U. S. Arsenal, Philadelphia. 

This Boiler is formed of a combination of cast-iron hollow spheres, 
held together by wrought-iron bolts with caps at the ends. The form 
is the strongest possible ; its strength to resist pressure very great — 
unweakened by punching or riveting, which lessens the strength of 
wrought-iron boiler plates about forty per cent. Every boiler is 
tested by hydraulic pressure at 500 pounds to the square inch. It 

CANNOT BE BURST UNDER ANY PRESSURE EMPLOYED IN PRACTICE. 

It is not sensibly affected by corrosion, which so soon destroys the 
wrought-iron boiler. More explosions are traced to this cause than 
any other. See page 276. It has great economy in the use of fuel, 
arising from the large extent and nearness of its heating surface ex- 
posed to the direct action of the fire. It gets up steam quickly from 
cold water, and with little fuel. It produces very dry superheated 
steam. It is easily transported, and can be erected by ordinary 
workmen. It requires no special skill in its management, and is 
more readily kept clean, inside and out. Under ordinary circum- 
stances it is kept free from permanent deposit by merely blowing the 
water entirely out once a week. Any of its parts can be renewed 
with great facility, as they are all of the same shape and size. A 
boiler can be increased to any extent by simply adding to its width. 
It has less weight, takes much less ground area than the ordinary 
boiler, without being increased in height, and can be sold at less 
cost than ordinary boilers. 

Dimeimons, The spheres are eight inches outside diameter, shell 
three-eighths of an inch thick, internal surface 1651 2 sq. in., or 
1'146 sq. ft., and 200 cubic inches, or 0*11574 cub. ft. capacity. Weight, 
100 spheres per ton. For ordinary firing, with good draft, requires 
10 spheres per horse-power; but 15 or even 20 spheres per horse- 
power, and slow firing, is more economical in the consumption of 
fuel. 



Atmospherk. Axrostatio. 



ATMOSPHERE. AEROSTATIC. 

^Te« atmosphere rormd oht earth, as well as all other (caseous matters, eii' 
deavours to occupy a larger space to infinity, (no known limits,) but as it is a 
material substance, it is under the action of force of gravity, and cannot expand 
ftirther than when its density is in equilibrium with the said force. Gonceiye 
the atmosphere tn consist of a great nunAer of layers, one on the top of the 
other; the density of the under layers will eyidently be greatest, because the 
upper ones press on them, and they are all elastic ; hence the density of the 
atmosphere is greater at the surface of the earth than higher up. We can now 
find out the weight and density of all these layers. 



ilO. 



ui is a yessel full of mercury, in which is placed yerti- 
cally a glass tube about 3 feet high above the surface I; 
in the glass tube is fitted, air-tight, piston a, just one 
square inch area, which can be moved by the piston-rod 
c ; now the piston stand is at a on the level 2, and in con- 
tact with the mercury in the tube ; raise the piston by 
the piston rod and handle c, the mercury in the tube will 
follow until the height of 30 inches, the piston still con- 
tinues to move higher in the tube, but the mercury will 
maintain its position at 30 inches from {. Now it may be 
supposed that it is some force of the piston that draws the 
mercury up in the tube ; if so why did it separate at 30 
inches? If the column becomes too heavy it could sepa- 
rate at Z, and the 30 inches of mercury follow the piston; 
afl this is not the case, but the weight of the atmosphere 
pressing on the surface { and ibrciug the mercuiy up in 
tbA tube until it (the mercury and the atmosphere) comes < 
in equilibrium, which occurs at the 30 inches ; and tiie j 
piston only served to remove the atmospheric pressure ' 
m the tube ; hence we have the weight of a column of ; 
atmospheric air with one square inch base equal to the I 
weight of a column of mercury 30 inches high and one 
sq. in. base. One cubic inch of mercury at 60^ Fahr. weighs 0*491 pounds, this ' 
multiplied by the height, 30 inches, gives 14*73 pounds, the weight of the ool- ; 
umns of mercury or atmosphere ; this is generally termed *' the atmospheric 
pressure per square inch." i 

The specific gravity of mercury at 60^ Fahr. islS'SS, and 



^i^"^^-^ 



13-58X30 
12^ 



o= 33-95 feet, the height of a eoluma of 



water required to balance the atmosphere. 

If the temperature and force of gravity were unifbrm throughout the atmos- 
phere, the density would decrease in an arithmetical progression by the height 
from the ground, and by observing the altitude of columns of mereuiy at two 
different heights, the extreme height of the atmosphere would be fi)und simply 
by the formula 7, page 04, in which 

a ai o the altitude of the column of mercury at the top of the atmosphere. 
6 = 30 inches, the column of mercury at the level of the sea. 
S =3 the difference of the columns of mercury at the level of the sea, and at a 
height h above the sea. 

Then, n multiplied by the height A, should be the extreme height of Iks 
atmosphere, or 



J7»A| 



0«) 



BAftOMETEIt. 22! 

Example. The mountain Chimborazo, Ecuador, (South America,) Is A m 3*8' 
miles high above the level of the sea ; at its top the column of mercury !• ob 
served to be only 27*63 inches, and J = 30 — 27*63 -= 2*37. 



-a-^0- 



J= ^'S'^V^r^T+l j " ^2*®25 miles, the extreme heigh 
of the atmosphere. 

This is about the true height, but the calculation Is incomplete by lack o 
many circumstances accompanied with higher calcules in mathematics, whicl 
can not be allowed to occupy room in this work. 

The column is 30 inches when the temperature of the fttmosphere is 32° Fah 
(See Barometer.) 



311. BAROMETER. 

The Barometer is based upon the same principle a^ the preceding experi- 
\ ment. It consists of a glass tube by about 35 inches high, open at one 
^ end, c, and filled with distilled mercury ; inverted in a small vessel A. 
also containing nercury. About the top of the column of mercury is 
^1 *[ placed a scale to indicate the height from l. When disturbances take 
. ' J place in the atmosphere by heat, condensation, Ac, its weight and den* 
^ f 8ity will differ, and the column of mercury will fall and rise accordingly ; 
hence by connection of the scale at a, it indicates the disturbance. ' 

To Find tlie Density of ike Atuiospliere about a 
Barometer^ 

\ Letters denote. 

h s> altitude of the column of mercury in inches. 

t = temperature of the atmosphere, Fah. 

S — specific gravity of the air around the Barometer at the time h and 
t are obstrved. 

/y = 1 when < = 820. 



8 = 



' 0-0624(448-77+«) ^ 

Example, The Barometer has &llen to 26*31 inches and the tern* 
perature is t =» 60^. Required the specific gravity of the nir f 
26-31 



' 0-0624(448-77+60) 



= 0-83. 



This formula does not include the expansion of mercury ftom 329 to (SXP, 
which must be separately reduced by the following formula. 

A = ^(0-9967962 — 0-OOOlOOU) - - - - 8, 
in which ff=i the observed column at the tempopatnre t, and h ■> the true 
column to be inserted in the formula 2. 

To Measure Vertical Heiglits by tbe Barometer* 

Letters Denotej 

Z » latitude of the place. 
/= vertical height, in feet, between the higher and lower station. 

^20 



M WtND. AnSODTHAlOO. 



• ^<«-^^Xj^Q^QQlQQ1^2,_ ^ J, 



/— C0346-61«{l+0002551co8.2Z)(l+0-00208(r+« — «40)), - - 5. 

If the atmosphere is very calm the obserrations may be made one after the 
)thec by one Barometer and detached Thermometer; but the least disturbance 
)f wind requires the obseryationa at the upper and lower stations to be made 
it the same time. The reduction of the columns of mercury is included in the 
formula 5. 



WIND. AREODTNAMIC. 

The motions and effects of gases by the force of graTity, are precisely tha aame 
as that of liquids. (See Hydraulics.) 

llie altitude or head of the atmosphere at uniform density will be the alti> 
tude of a column of water 83*95 feet, divided by the specific grariW of the air, 
00012046, or, 

the Telocity due a t the foot of this head 

F= 8-02 v^I33~s 1346-4 feet per second, the Telodty at which the air will 
pass into a yacuum. 

Veloelty of l¥lnd. 

When air passes into an air of loss density, the yelodty of its passage is s 
sured by the difference of their density. 

"^ __ >• denidty of the air in inches of mercury. 

t => temperature at the time of passage. 
Y es yelodty of the wind in feet per second. 



r^ 1346-4 a/ —5— A-H)-0020«Y 



The force of wind increases as the square of its velocity. 
R s area exposed at right-angles to the wind, in square feet. 
jP= force of the wind in pounds. 
H=s horse-power. 

V := velocity of the plane a in direction of the wind, + when it mores oppo- 
site, and — when it moves with the wind. 

J'= 0-002288a Fa, whenva.o, - . 7, 

J-.-c 0-002288a(F^«)«, 8, 

»t>(F~t>)a ' 

-^^ 241400 * ®- 

ExampU. A Rail-train running ENE 25 miles per hour, exposes a surlhoe o( 
1000 square feet to a pleasant brisk gale NE by E. Required the resirtanoe to 
the train in the direction it moveg, and the horse-power lost? 
ENE—NEhy JV= 3 points = 33° 45'. 
F= 14 feet per second, a brisk gale. 
V = 25X1*467 = 30-6 feet per second. 
^= 0-002288 8in.«33o 4G'Xl000(14-|-coe.38o 4yx36-6)« =« 806-1 pounds. 

„ 3061X36-6 ^ . 



Table of Vblooitt an© Forok of Wind.— Balloow. 



MOet 


Mvtr 


per hour. 


moond. 


1 


1-47 


2 


293 


8 


4-4 


4 . 


5-87 


6 


7-33 


6 


8-8 


7 


10-25 


8 


11-75 


9 


13-2 ^ 


10 


14-67 


12 


17-6 


14 


20-5 


15 


22K)0 


16 


23-45 


18 


26-4 


20 


29-34 


25 


36-67 


30 


44-01 


85 


51-34 


40 


68-68 


45 


66-01 


50 


73-35 


65 


80-7 


60 


88-02 


66 


96-4 


70 


102-6 


75 


110 


80 


117-36 


100 


146-66 



.Fbroeper 

0-006 

0020 

0044 

0079 

0123 

0177 

0-241 

0-316 

0-400 

0-492 

0708 

0-964 

1-107 

1-25 

1-55 

1-968 

3075 

4-429 

6-027 

7-873 

9-963 

12-30 

14-9 

17-71 

20-85 

24-1 

27-7 

81-40 

60- 



(Xmmon Appellation of the Forot q^ 
Wind, 
Hardlj perceptible. 
Just perceptible. 

Gentle pleasant wind. 



Pleasant brisk gal*. 



Very brisk. 

High wind. 

Very bigh. 

Storm or tempest. 

Great storm. 
I Hurricane. 
Tornado, tearing np trees, A«. 



BALLOON. 

To Find wliat HV^ightf suiA to what Height a BsaiooB emat 
raise* 

Letters denote, 

oi cubic contents of the balloon, in feet. 

» a> roe<dfie grayltj of the gas used to inflate the balloon, air =» 1 at 329. 
rTo. the weight in pounds, it can raise firom the ground. 
«" » the weight with which it is loaded, including the weight of the materials 
of which it is made. 
/ -« height in feet to which it will raise. 

T=m temperature at the ground. 

< ■■ temperature at the height/. 
M «. Barometer column in inches, at the ground. 

• -■ latitaila of thA nliu** 



-hititade of the place. 



Tr-eH)7629CCl — s), . . 

' - ^^8-(^Xi^o-oooiooiii*- i) ) 

/— e0346-61a:(l+0-002551 cos.a)(l+0-00208(r+« — 64) ) 



10. 
11, 
12. 



• ^^S2?°* "• commonly filled with Hydrogen gas whose spedflc grarity Im 
•J-OO^ when pure, or about 14 times lighter than air, of which say M times tm 
'• '•"•d upon, as some foreign heavier gases may accompany it. 



m 



Wi3n>-Miixs. 



WIND-MILLS. 

The sail-Bhaft of vertical wind-mills should have an inclination from ISP to 
16° with the level wheu built on low flat ground ; on high ground, elevatad 
from 1000 to 1500 feet witliin a circle of about two miles, the sail-shaft shonlA 
Incline from 3° to 6° with the level 

BflVsot of ^l^iiicl-Mills* 
Lettert denote 
A s projecting area of sails exposed to the wiq^^ in square foet. 
Fa Telocity of the wind in feet per second. 
Hss horse-power of the mill. 

* 2 g^y°^}radU of sails in feet. 

I ea \/ ^^illl, radius of centre of percussion in feet 

n » number of revolutions of sails per minute. 
V =3 mean angle of sails to the plane of motion. 
The angle of the sails should be from 20° to 30° at the inner radius r, ftt tiM 
extreme radius B from 7° to 12°, ajid the mean angle v » 16° to 17°. 



H= 



Aln sin.v cos.v / „ bn 8in.v 



os.v / „ bnsin.v \* 



1,640,000 

assume the mean angle v «> l^P, we have the horse power. 

ff_^ A In fy In Y 

6,800,000V 34-6 > 

In order to utilise the maximium effect of wind, it is necessary to load the 

mill that the number of revolutions of the sails are proportional to the Teloctty 

of the wind. o.ift r* 

Proper revolutions will be found by n = . \ . 

* s%n, V 

ExampU 1. A wind-miU is to be built of six horse power in brisk wind, 
F= 20 feet per second. Required the area of sails ul ^ ? 
^ _1,135,000X6 , 851 ^^ feet 

Examjale 2. Pour sails ^ ^ 212-75 sq. foet each. 212-75 »» 6 feet wl4e by 

86'5 long, dimensions of the sails. Inner radius r = 5 feet and B ■■ 6+85*8 
—40-5 feet Required the radius of centre of percussion I «> t 

I ^ ^ 40-5*+6 « ^ ^ 83i?6"-28-86 feet 

ExampU 3. The mean angle of sails to be ^ - 16«. J^J^^^JJjZtSS 
number^ revolutions of the sails per minute in brisk wind of F- 30 feet per 
second n,^? ilrs^oa 

Revolutions » «tji^=- 8 per minute. 

XxampU 4. A wind-mill has an area of ul « 750 sq. feet exposed to Wgh wM 
of F=. 50 feet per second, and makes n - 26 w^ol^tions per minute,-«Bntej 
of percussion I = 26. Required the horse power of tiie mill fl^— ? and proptt 
number of revolutions per minute n =» 7 



fl'«_750^<26X26 f 50_25X27 \«^ y.g Worses. 
6,800,000 V 84-6 / 

w - 11^<!?=. 28 rev. per minute. 

„_ 750X25X28 /.^^ 26X28 \a^ g, 
6,800,000 V ""3f6~/ 



Gas, Light akb Souks. 



LIGHT. 

Itight is the sensation transmitted by the eye and produces the sense 
of seeine. Heat and Electricity produce light bv making bodies luminous. 

JnietuiUy of Light is inverse as the square of the distance from the lumi- 
nous body. 

VelocUy of Light is 192600 miles per second. 

Light passes from the sun 9d000000 miles in 8 minutes. 

Light can pass around the whole earth in one-eighth of a second. 

Solids must be heated to at least 600^ to produce light in the dark ; and 
o 1000° in day-light. 

MOTION OF GAS IN PIPES. 

Letters denote. 
Q = cubic feet of gas passed through the gas pipe per hour. 
L =s length in feet, D= diameter in inches of the pipe. 
H= head of water in inches which presses the gas through the pipe. 
s =^ specific gravity of the gas, air being 1. 

n =3 number of candles required for giving the same light as Q cubic feel 
of gas per hour. 

V «^ n=<P U-36V ^ 

Example. At a distance of L=6460 feet ftom the gas work is required 
Q=940 cubic feet of gas per hour. Head of water being H=6 inches, 
Specific gravity 9—0 '6. Required the diameter of the pipe D=^ 1 



'"-U16\A- 



-¥4~ 



SOUND. 

Vel<»eity of Sound tlirowglft Air. 

V « velocity in feet per second. 
t « temperature of the air, Fah. scale. 
D a distance in feet the sound travels in the time T. 

V = 1089-42 /l+0-002«8(< — 32), 
Velocity of sound in water is about 4 times that in air, and 8 times that 
through solids. 
InUntity ofwnmd is inversely as the square of the distance. 



D « 1089*42r yi+000208(< — 32), 

r=£. 

r 
^huxiwplt, A ship at sea was seen to fire a cannon, and 6*5 seconds afterwards 
yie report was heard, the temperature in the air was ^KP. Required the dis- 
tance to the ship f 

B = 1089-42X6-6 yl+0-0028(60o — 82) = 7300 feet, or 1*88 miles. 



JkKTipticmt of Sound. 

^ powraftil human voice in the open air, no wind, 

Report of a musket, 

Drum, - - 

Music, strong brass band, 

Cannonading, very strong, - - . - - 
In a barely observable breeze a strong human voice 
vlth the wind can be heard. 



Audible at a distance of 



feet. 


mUes. 


460 


0^)87 


16000 


3-02 


10500 


2 


15840 


8 


676000 


90 



16840 



20* 
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RINGING BELLS. 



Letters denoli, 

D « diameter of the bell at the month, in inches. 

d s diameter of the bell at the crovn, in inches. 

h a> hnighth of the bell from the mouth to the crown in inches. 

S » thickness of sound bow in inches. 

W= weight of the bell in pounds avoirdupois. 

n =M number of Tibrations per second, corresponding with the key A0t« of ^ht 
bell, and to be found in the accompanying table I. 

k a from 0*07 to 0*08, or a ooefflclont expressing the relative thickness of tks 
sound bow to the diameter of the bell. In peals of bells, the sound bow is 
gisnerally S a (yoSD for the triple, and 3 » 0*072) for the tenor ; the iuteimo- 
diate bells in the peal having the intermediate proportions of sound bow. 

Example 1. Required the weight of a bell 2) » 62 inches in diameter, and S 
» 4|in. thickness of the sound bow, W'==J 

tbrmuta 1. Tr=» 0*25X62«X4'6 «» 4324-6 pounds. 

JSeampIc 2. A bell of 2,500 pounds is to be constructed with a sharp note, 
taking tae sound bow k » 0075. Required the diameter of the bell X> » ? 

mmnuUi 10. D - v^*^^ « 61-084 inches 

Examfie 3. It is required to construct a bell with the key note HJt in tte 
first octave above zero, n ^ 162*22. To be of light weight with a full good note, 
for which latter case take k «• 0*07. Re<iuired the diameter of the bell, D « } 

FbrmvXa 11. D - ^f^y.^'^^ = 26*665 Inches. 
162*22 

Example 4. Required the key note of a bell with D » 36*5 in. diameter and 
<Sf.-9*76in.,«i»r 

Jbmula 4. n =- 68000X |^ =* 119*7 vibrations. 

In the table the nearest number 120*82, in the first octave below Bero, answen ! 
to the key note B, which will bo the note of the bell. i 

Example 5. A bell of 6860 pounds is to be constructed with the key note C 
in the first octave below nero n «■ 64, see table I. Reqtdred the diameter ot 
the bell i> = r 

Fomwto 9. 2> =- 21*947 . * /^ « 70'6176 inches 



'\/^ 



ExamplU 6. Required the thickness of sound bow for the beU in fhe pre* 
eeding example ? Z> *■ 70.0176 inches and n =« 64. S^ml 

nrmtOa 12. 5 « ?!><mm6« ^ ^,^^^ ^^^^^ 

ExampU 7. Required the weight of a bell D » 48 inches diameter at the 
mouth, d a 26 inches at the crown, and A = 34 inches height firom the movtki 
to the erown, S =- 3*6 in., 1F= 7 ' 

Ibrmula 17. 
W^ 48X26X8*5 (0-5-0-00281ttX26) +0*00376X84xa6«X8-* - 2190*220 pm»da j 
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Formulas for lUngiug Bellso 



'^'^ 232000 • 
^-0-25i»ife. 

n » 68000— - 



II -282000 



^■ 



D^2k/^ • • • 7 

8/4>r 



isr» 



2> » 240*834 



D mm 21-947 A 






TT- 



6 2>«68000-^ 

i> d iSr (0-5— 0-0002816 d) +0*00376 A d* S 



68000' 



S^kD 








ToibleL VibrcUiona per Second »m n. 




Key 




Bass. 


IstOct. 1 IstOct 


Descant. 




note. 


3rd Oct. 


2nd Oct. 


2nd Oct. 







IfrOOO 


32^)00 


64-000 


128-00 


256-00 


612-00 


^ 


16-947 


33*386 


67-790 


136-58 


271-00 


642-32 


d'' 


17-960 


36-920 


a*840 


143-68 


287-86 


674-72 


I>)t 


19-027 


88-065 


76-110 


162-22 


804-44 


608-88 


b" 


20-159 


40-318 


80-636 


161-27 


322-54 


646-09 


p 


21-367 


42-716 


86480 


170-86 


341-72 


683-44 


^ 


22-627 


46-256 


90-610 


181-02 


362-04 


724-08 


(f 


23-972 


47-946 


95-890 


191-78 


383-56 


767*12 


on 


26-398 


60-797 


101-59 


203-19 


406-37 


81275 


^I 


36-908 


63-817 


107-63 


215-27 


430-63 


801-07 


^ 


28-508 


67-017 


11403 


22807 


46613 


912-27 


B* 


30-204 


60-409 


120-82 


241-63 


483-27 


966-54 





32D0O 


64000 


128-00 26600 


612-00 


1034-0 



IbWe r. 



Absdasa 


Ordinate 




Thickness of MetaL 




m 


y 


iSr=l 


S^O'OID 


8 « 0*76I> 


isr«o*o8i> 


1 


0-4142 


1 


0-700 


0-750 


0-800 


u 


0-686 


0-800 


0-500 


0-600 


0.640 


2 


0-867 


0-653 


0-469 


0-490 


0-622 


^ 


0-974 


0-647 


0-382 


0-410 


0-437 


3 


1-026 


0-474 


0-331 


0-355 


0-379 


5* 


1030 


0-423 


0-295 


0-317 


0-338 


4 


1-000 


0-380 


0-266 


0-285 


0304 


H 


0-956 


0-351 


0-245 


0-263 


0-281 


5 


0-876 


0-397 


0.228 


0-245 


0-261 


i* 


0-776 


0-SOl 


0-211 


0-226 


241 


6 


0-665 


0-291 


0-203 


0-218 


0-233 


s* 


0-630 


0-286 


0-200 


0-214 


0-228 


7 


0-390 


0.279 


0-195 


0-209 


0-223 


7* 


0-236 


0.272 


0-lfiO 


0-204 


0-217 


8 


0-076 


0.267 


0-186 


0-200 


0-213 


8-74 


0-78 


0.383 


0.238 


0.250 


0-2C6 



«36 Bells. 

To Contt'roct a Bell. 

When a bell la to be oonatpucted. we generally nave the weight or key 
note given by contract, the diameter and sound bow are calculated bj 
the preceding formulas and examples, and then ready to proceed 'with 
the construction. Sec flg. 1. 

The diameter of the bell at the mouth, is divided into 10 equal parts, 
called strokes, which then is the scale and measurement for the con- 
struction. Make a decimal scale, as shown on plate VII. 

Shrinkage to be allowed for 3 sixteenths of an inch per foot. 

The section of a bell is generally laid out on a piece of board repre- 
sented by the dotted lines a, d, c, d, which then is eut out and used for 
turning up the mould for the bell. The board should be about 11 strokes 
long, and 2-5 strokes wide. Through the centre of the board dra^v^ the 
line 7), 9, parallel to 6, c, bisect the line jp, a, and set four (4) strokes from 
the bisecting point towards each end, divide the strokes into halves, and 
number them as shown on the accompanying drawing. Through each 
division draw lines at right angles to p, 9, set off the corresponding ordi- 
nates y expressed in strokes. Table II. and join them by a curve-line, 
which then will be the centre of thickness of metal in the belL 

At the end of the first ordinate, as a centre, draw a circle with a diameter ' 
equal to the desired thickness of the sound bow, which should be from i 
0-7 to 0*8 strokes. At every succeeding ordinate draw a circle with the 
diameter noted in Table II : for instance, if the thickness of the sound 
bow is 4i inches, then the tnickneas of metal or diameter of the circle at 
the third ordinate v/ill be 4-5X0*474 =2133 inches ; but if the sound bow 
is 0*7, 0*76 or 0*8 strokes, the thickness of metal at the third ordinate will be 
0*331, 0-355, or 0-379 strokes. When all the thicknesses are thug drawn, 
draw the two lines tangenting the circles on each side of the centre line 
of the metal. 

From to 1 make a moulding of 0*1 stroke thick over the dotted Una 
as shown by flg. 2. 

Prolong the Bk ordinate, and set off 1-79 strokes to e, which then is the 
centre for the curve on the top, draw the arc through the centre of the 
small circle at the 8th ordinate : join e, 8, set ofi' from «, 0*46 strokes to 
the centre for the inside cnrve at the top. 

Thickness of metal of the top should be 0-3 the sound bow at 8, and 
0-333 at r. Draw the ordinate at 8-74, set off 0*78 to r, join r and the abscissa 
8-48, and prolong the line through r; then flnish the drawing as shown on 
the plate. 

when the board is cut out and ready for turning the mould, it must be 
carefully set,' so that the outside diameter of the crown will be half the 
diameter of the mouth of the bell. 

This fom of Bells gives the greatest possible gravity of tone with the 
least possible quantity of metal. Bells can be made almost in any form 
without seriously affecting the quality of tone, but the thickness of metal ' 
should always be in proportion as the square of the diameter taken at the 
centre of the metal as in fig. 3. 

Proportions of a Peal of Eight Bells, 

BeUs. 

Tenor, 

2nd, 

3rd, 

4th, 

6th, 

6th, 

7th, 
Triple, 

Clapper. The weight of the clapper should be from one fortieth to 
one fiftieth the weight of the Bell, the smaller bells take the largest 
clappers. 

Bell Metal. Thirty of Tin to one hundred of Copper, is a good pw^ 
portion. 



Keynote, 
D 


n 

71-84 
80-64 


h 
0-070 
0071 


S.in, 

8-96 
3-62 


D. in, 

66-6 
61-1 


W,Jib9, \ 

3166 
2366 


l^ 


90-61 
96-89 


0-072 
0-073 


3*32 

3-22 


46-1 
44-2 


1766 
1676 


A 


107.63 


0-076 


3-08 


40-6 


1262 


B 


120-82 


0-077 


2-85 


370 


976 


g» 


136-68 


0-079 


267 


33-8 


763 


143-68 


0-080 


2-68 


32-3 


673 
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IIeat. Caloric. 



HEAT. CALORIC. 

Thx Physical cfmstUutUm of heat is yet under investigation by operative minds, 
ft« well known character and effect upon matter is the base for the investiga- 
tion. 

Heat resembles Ughty deetricity and magnetism^ and is thus &r assumed to be a 
material substance. 

Heat is contained in all matters, with no known exception. Two bodies oon* 
taining different quantities of heat per unit, being placed in contact, — the hest 
will pass firom one to the other until it comes in equilibrium, that is when 
the two bodies contain equal quantities of heat per unit. It is this passing of 
heat that first comes under our notice. The body from which the heat passes 
will feel the other to be cold, and vice versa^ — the one that receives the heat wHI 
feel the other to be warm, until there is no further passage, namely, when the 
bodies will feel neither warm nor cold to each other ; hence the measure of the 
emplix sensible heat, is the difference between the heat per unit in the two 
bodies. Cold is only a want of heat. 

Caloric is only another word of expression for heat. 

Caloric is of two kinds, sensibU and latent. 

Sensible Culorlo is that which is sensible to the touch, felt as tempera- 
ture, and can pass freely from one body to another. 

I4atent Caloric is that which is insensible to the touch. It is contained 
in bodies without being felt as temperature, but can by chemical action become 
sensible ; for instance, a piece of burned limestone put into water will get warm 
and heat it, although both were cold before ; the latent calorie in the water was 
set free to sensible. 

Influenee of Heat oil Matter's CoHerenee- 

All bodies in nature expand when heated, and oontract when cooled. Solid 
bodies vary but little by the difference in temperature. Liquids vary more, but 
gases are extremely susceptible to the impression of heat and cold. 

Tabic qf Linear Ea^nsUm ofSdUds. 



Dij/erence in- 


Length =. 1 a« 32°. 


Lengttt at TP 


k diffierenuUngth 


temperatures. 


Noma qf bodies. 


per degree. 


32° to 212° 


) ( 


100086138 


0-00000478 


32 to 392 


^Glass,. . - • S 


1-00184620 


0KK)000546 


32 to 672 


1 1 


1«00303252 


0^)0000583 


32 to 212 


1 Wrought iron, 


1-00U8210 


0K)0000666 


32 to 672 


1-00440628 


0-00000894 


32 to 212 


Soft good iron, 


1-00122046 


0-00000680 


82 to 212 


Iron wire, - • . 


1-00123604 


0K)0000687 


32 to 212 


Cast iron, ... 


1-00111120 


0-00000618 


32 to 212 


Soft steel, 


1-00107916 


Oi)0000e00 


32 to 212 


Steel hardened and tern. 160^ 
jCopper, . . . 1 


1-00123966 


0H)0000689 


32 to 212 


1-00171820 


0-00000066 


32 to 572 


100664972 


0^)0001092 


32 to 212 


Lead, - - - . 


1-00284836 


o-oocmMo 


32 to 212 


Gold, pure, . • • 
Gold, hammered, - 


1-00146606 


01)0000815 


32 to 212 


1-00149630 


OK)000O83O 


82 to 212 


Silver, pure, - - - 
Silver, hammered, 


1-00190868 


01)0001060 


32 to 212 


1-00201000 


000001116 


32 to 212 


Brass, common cast, - 


1-00187821 


OD0001043 


82 to 212 


Brass wire or sheet, 


1-00193338 


0O0001076 


32 to 212 
32 to 672 


1 Platinum, pure, • 


1-00088420 
1-0027.M82 


01)0000491 
OD0000620 


32 to 672 


Platinum, hammered, • 


1-00095420 


0^)0000630 


32 to 212 


Zinc, pure or cast, 
Zinc, hammered, - 


1-00294167 


0-00001633 


82 to 212 


1-00310833 


0D0001722 


32 to 212 


Tin, hammered. - 


1-0027*1000 


9D0001600 


82 to 212 


Tin, cast, ... 


1-00217298 


0-00001207 


32 to 212 


Firebrick, - . . 


1-00042280 


)-00000236 


33 to 212 


Marble, - - . . 


1-0011C410 


>0000061S 


32 to 212 


Granite, - 


1-00078040 


0^00000488 
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Table of Volume Bxpansion of liiqnids* 



D^erenoein 
temperatures. 
32P to 212° 
212 to 392 
to 572 
to 212 
to 212 
to 212 
to 212 
82 to 212 
A2 to 212 



892 
82 
82 
82 
82 



Names qf Liquids, 
Mercury, 



Water, - 

Bait, dissolTed, - 

Sulphuric acid, • 

Oil of Turpentine and Ether, 

Oil, common, 

Alcohol and Nitric acid. 



VohoM at TP 

1-018018 
1-018483 
1 018868 
1046600 
1-060000 
1*060000 
1*070000 
1*080000 
1*100000 



A: difference in vcl 
per degree. 
O'UOOIOOO 
0*0001025 
0*0001048 
0*0002596 
0*0002778 
0*0003388 
0*0008800 
0*0004444 
0*0005555 



All gases expand and contract equally and uniformly ; 0*0020825 its volume per 
degree of Fah. thermometer. The accompanying Table is the result of Mr. 
l)alton*s experiments with air. The volume at 32° is equal to 1 or the unit 

Table for Volume Bxpansion of Air* 



Degreee, 


rolwne. 


Degrea. 


Vdhme. 


Volui^ 


820 


1-000 


80 


1-1110 


1.^^ 


8S 


1-002 


85 


1121 


1* 


84 


1*004 


90 


1182 


IfVff 


86 

40 


1-007 
1-021 


100 
200 


1-162 
1*854 


J.., 


46 


1-032 


212 


1-876 


lT?t» 


60 


1-043 


802 


1*568 


Uk 


66 


1-056 


892 


1-789 


11 


60 


1066 


482 


1*919 


l\i 


66 


1-077 


572 


2H)98 


2A 


70 


1089 


680 


2-812 


2tV 


T5 


1-099 









Letters Denote, 
L *■ length or any linear measure of the body of the temperature 
I a length or linear measure at. the temperature t. 
Faa volume of liquids at the temperature T; 
« =s volume at the temperature t. 

k Bs ooefdcient for the linear measure or volume as noted in the 
The volume of solids is as X^ : Z*. 
The linear measure of liquids is a ^o : ^(^vT 

Formulas of Linear Bxpauston of SollcU» 



X— z 



+<, 



i-T— 






Awmplel. A copper rod of X>« 22-55 feet long is 140O warm. To 
perature must it be cooled to fit ina space of I «■ 22-52 feet? 



whattemr 



l«140- 



22-65 — 22-52 
22-52X0*0000158 



» 66*7^ the answer. 



Heat. THERMOMSfKBS. 
Formulas of Volume fixpAitsloii of LiquUU* 






. r— 



V — v 



MxampU 2. A vessel containing 5*68 cubic feet of water at I » 42^, Is doted 
up round the water, but a cylindrical pipe uf 0*008 square feet, inside sectton, Is 
raised up vertically from it ; now let the temperature of the water be raised to 
r»-130^. Howhigh will the water rise in the pipe? 

F= 6-68 [1+0-000002695(130 — 42)] «= 6*681297 cubic feet, 



and 



6-681297 — 5-e 
OK)08 



- « 162 feet = 1-946 inches, 



the height to which the water will raise in the pipe. 

This is the principle upon which Thermometers are oonstmoted, but the scale 
can only be approximated by this formula. The substances adopted for thi^ 
niometers are spirits of wine and mercury; oil and ether have also been proposed, 
but the two former are best, and mercury is moet generally used. 



THERMOMETERS. 

Therx are three different graduated Thermometers in use, namely Ibhrm- 
heiPtfCklsius'Sj and Eeaumur's. 

The first one, or lUhrenheWs is used in North America, England, and Holland. 

The second or OUHus's in France, Sweden and Germany. 

The third one, or J^umur'«, was formerly used in France tnd some parts of 
Germany, but now only in Spain. 

The Figures exhibit their difference. 
Ibhr. Celti. Reaum. 

Proportional Formulas for tlM 
Thermometrlcal Scales* 

CelsL => I Reaum => | (Fah. ~ 32.) 

Reaum. = | Gelsi. » | (Fah. ~ 82.) 

Pahr. =» I CelsL+82 — | Reaum.+32. 

JBxarnple. How much is 68^ Oelsluf on Fahren- 
heit's soale. 

Fahrenheit's «- f X68+32 — UifiP, the answer. 



Fluid boils when its vapour has the same density as the atmosphere where H 
boUs, hence, fluid will boU sooner high up in the atmosphere than at tbs 
ground. 

In vacuum water boils at 88°. ^ 

The mean temperature of the earth is about 60^; at the torrid sone 19' 
temperalo xoac 50^; and in the polar regions 86''. 

Water can be kept In liquid to 20°, 




TABLS of TZMFERATUIIZS. 



Talile of TenipcrAtnres when Bodies change Form* 



SMELTING POINTS. 

Cast iron, fully sm., - - 2764° 

Gold^fine, .... 19830 

Silver, fine, - - - - ISSO^ 

CJoDper, . - - - - 2160° 

Brass, common, - - • 1900° 

Zinc. 740° 

Lead, 694° 

Bismuth, ... - 470° 

Tin, .'.... 421° 

1 Tia, 1 Bismuth, - - 283° 

8 Tin, 2 Lead, 6 Bismuth, - 212° 

1 Tin, 1 Lead, 4 Bismuth, - 201° 

Antimony, - - - - 790° 

Sulphur, - ... 228° 

Phosphorus,- ... 109° 

Beeswax, white, - - - 155° 

« yeUow,. . - 142° 

Tallow, 82° 

Ice, --.--. 32° 

Oil of Turpentine, - - 14° 

Ice of strong Brandy, - 7° 

1 Snow and 1 Salt, - - 0° 

Mercury, - • - - — 39° 



BOILING POINTS. 

Mercury, ... - 630° 

Oil of Linseed, - - - 600° 

Sweet Oil, ... - 412° 

Sulphuric acid, - - - 410° 

Sulphur, .... 390° 

Phosphorus, - - 374° 

Oil of turpentine, - - 315° 

Sea-water, salt, - • - 217° 

Water, distilled, - - - 212° 

Alcohol, .... 174° 

MISCELLANEOUS. 

Metals, red, daylight, - - 1077° 

Iron red, daylight, - - 884° 

Common fire, - - - 790° 

Iron bright red, In dark, - 762° 

Human blood is ... 98° 

Cold greatest ever produced, — 90° 
Tinous fermentation, - — 60 to 70° 

Acetous fermentation begins, — 78° 

Acetification ends, - - — 88° 

Phosphorus burns, - - — 43° 
A comfortable room about 60° to 70° 



Table of Poiver for Transmission of Heat* 



CONDUCTING POWER. 



Gold, 








1000 


Silver, 




• 


973 


Iron, 




• 


347 


THn, - 




• 


804 


Copper, 




- 


898 


Zinc, - 




• 


363 


Lead, 




• 


180 


Platinum, 




• 


981 


Marble, 




m 


24 


Fire-brick, 




m 


11 


Fireclay, 




m 


11-4 


Porcelain, 




- 


12-2 


Wateras 


OuStandoi 


rd. 


Water, 




• 


10 


Pine, 






89 


Lime, 




• 


89 


Oak, - 




- 


83 


Elm, 




• 


82 


Ash,. 




• 


81 


iCl 




• 


28 
22 


JELATIVB 


CONDUCTING 
OP SOLIDS. 


POWERS 


Hare's fhr. 


. 


. . 


1-816 


Eider-down, 






1-305 


Beaver's fur. 






1-296 


Raw silk, 


. 






1-284 


Wool 


. 






1118 


Lamp-black, 






1-117 


Cotton, 


. 






1-046 


Lint, 


. 






1032 


Charcoal, 


. 






0-936 


Afhesofwood, 


• 


0-927 



Sewing-sUk, 


* 


0-917 


Air, 


• 


0-577 


RELATIVE CONDUCTING POWER OF 


FLUIDS. 






Mercury, 


• 


1000 


Water, 


• 


357 


Proof spirit. 
Alcohol pure. 


. 


312 


- 


332 


RADIATING POWER. 




Water, - • 




100 


Lampblack, • 




100 


Paper, writing, 




98 


Rosin, 




96 


Sealing wax. 




95 


Glass, common, 




90 


India ink, - 




88 


Ice, - . 




85 


Red Lead, - 




80 


Graphite, - 




76 


Lead, tempered, - 




45 


Mercury, 




20 


Lead, polished. 




19 


Iron, polished. 




15 


Tin and Silver. 
Copper and Gold, • 




12 




12 


REFLECTING POWERS. 




Brass, 






100 


Silv r. 






90 


TinfoU 






85 


Tin, - 






80 


Steel, 






70 


Lead, 






60 


Glass, 






10 


Glass, oiled or waxed. 




5 


Lampblack, - 








21 



Spboivio Calobio. 



1} 



Miidwraqf, 
Nitrate of Ammonia^ 
Water, 

Sulphate of Soda, 
Muriatio Acid, o) 

BUute Sulphorio Add, 5 ) 
SnoTT, 4j 



Ooldproduo$, 



6(P 



23P 



D^rta Ibhr, 
FroiB+60O to +4**. 
From+50O to +0<>. 
From— esoto— Oio. 



SPECIFIC CALORIC. 

Spee^e Coterie is the relative quantity of heat contained in bodies of equal 
weight or Tolume, and of the same temperature. 

Let two different substances of known weight or volume and temperature, b« 
mixed together; the temperature of the mixture will dissolve the relative 
quantity of caloric in the ingredients. 

Mixture of the same Substances* 

l^etterM denote, 
Wsa weight or volume of a substance of temperature T. 
w » weight or volume of a similar substance but temperature U 
tf s temperature of the mixture W-\-w. We shall have, 



fiW+w) = TTTf «<, If « 



WT+wt 






T^a^^,, 



MxampUl. Let W= 4*62 cubic feet of water at r=» 16(P be mixed with 
It «a 6*43 cubic feet at < as 46. Required the temperature of the mtxture f-mt 

^ 4»62Xl50O+6-43X46> > ^ ^^.^ ^^ ,^^,,^ 
4-62+6-43 ^' "^ answer. 

MxampU 2. How much water ofT^ 107^ must be mixed to w « 27*3 gallnns 
of < » SS*', the mixture of the water to be 75°? 

Mixture of dUTerent Substanoes* 

ITand «o expressed by weiahU only. S and « » Speckle calorie ■• given In 
the accompanying Table. We shall have, 

WST+wjt 



ws^T—iO'^wiiif—t), r — - 



WS-\'W9 









3. To what temperature must Tr= 20 pounds of iron be heateO to 
laise «o = 131 pounds of water of < e= 64<> to a temperature f =« WP. T = t 
From the Table we have s = 1, and iST^ 01218. 

64(20X0-1218+131>- 131X1X64 
^ "" 20X0-1218 ■" ^* ' 

the required temperature, supposing no vapour escapes from the water. 

If any chemical action takes place in the mixture, these formulae will 
answer, because part of the umible calorie may become UUetU, or UUetU 
may be set free. 



iU not! 
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Table ot Speoifio Caloric, Water a 


■ Unit. 

pecific Cali 
212°. 




Kanus of Substances. 


Si 
Z2Pi 


jrtc. 
32°, 6720. 


Water, 


1.0000 




Iron, 








0.1106 




OlassHnystal, 








0a029 




Mercury, 








0.029 to 0033 


0-035 


Lead, - 








0.02819 to 0-0293 




Tin, 








0.04766 10 0-0614 




Sulphur, 








0.2086 to 0188 




Lime, burned, • 








0.2169 




9 Water, 10 Lime, 






0.43912 




Sulphuric acid, sp. g. » 1*87068* 




0.3346 




Nitric acid, ep. g. = 1-29896, 




0.66139 




Alcohol, sp. g. »0'81, 




0.7 




Platinum. 






0.0344 to 0-0335 


0-0356 


Antimony, 






0.06U7 


0-0547 


Zinc, - 






0.0927 


0-1016 


Copper, - 






0.094 to 0-0949 


0-1013 


Iron, - 






0.1098 to 0-1106 


0-1218 


Glass, - 






0.1770 


0-19 


Gold, - 






0.0288 




Bismuth, 






0.0298 




Woods in ayerage. 






0.48 to 0-6 




Sweet Oil, 






0.30961 




Nickel, 






0-1036 




Cobalt, - 






0-1498 




Tellurium, - - - . 


0-0912 




SPECIFIC CALORIC OF GASES AT EQUAL 


rdtme, WeigfU. 


WdgM. 


DENSITY. 


atr = l. 


air = 1. 


water = 1 


Air, atmospheric, ... 


1-000 


1-000 


0-2669 


Hydrogen, 






0-9033 


12-34 


3-2936 


Oxygen, 






0-9764 


0-8848 


0-2361 


Nitrogen, 






1-0000 


1-0318 


0^754 


Carbonio-oxid gas. 






1-034 


1-0806 


0-2884 


Carbonic add, - 






1-2583 


0-828 


0-221 


Nitrooxld gas. 






1-3606 


0-8878 


0-2369 


Gas of oils. 






1-653 


1-6763 


0-4207 


Steam, ! 196 


8-136 


0-847 



Capacity for Caloric Is the relative ability of bodies to retain the specific caloric. 
Capacity for caloric is inyerse as the density of the substances. The specific 
caloric multiplied by the atom weight of a substance, gives the constant number 
0-376 (average) which proves that the atoms have equal capacity for caloric in 
all substances. This is a fact with no known reason, but by it valuable results 
may be opened. 

Talile of Relative Capacity for Caloric* 



Nama. 


Equal 
Weights. 


Equal 
Vdume. 


Names. 


Equal 
Weights. 


Equal 
VAume. 


Water 


1000 


1-000 


Zinc 


0102 




Copper 


0-114 


1027 


Tin 


0-060 




Iron 


0-126 


0-993 


Lead 


0*043 


0-487 


Brass 


0-116 


0-971 


Glass 


0-187 


0-443 


Gold 


0-060 


0-966 








Silver 


0<»82 


0-833 









When the volume diminishes the capacity for caloric will also be diminished 
and thus part of the caloric will profuse the body. A volume of air rompressed 
to I its bulk win fire tinder, which requires a temperature of about 650°. 
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PROPERTIES OF STEAM AND WATER. 

A PART of the accompanying table has been calculated by the author M'hilst 
stationed in the Unreuu ot" Steam Engineering of tlio U. S. Navy Department, 
under the direction of Cliief Engineer Isherwood. It is rearranged and enlarged 
with nine new columns for this Pocket-Book. 

Column P contains the total steam-pressure in pounds per square inch, in- 
cluding the pressure of the atmosphere. 

Column /expresses the same pressure in inches of mercury. Tlie specific 
gravity of mercury at 32® Fah. is 13-5959, compared with water of maximum 
density at 39°. One cubic inch of mercury weighs 0-49086 pounds, of which a 
column of 29-9218 inches is a mean balance of the atmosphere, or 14-68767 lbs. 
per pq. in. 

Column T contains the temperature of the steam on Fah.'s scale, deduced 
from Regnault's experiments. 

Column F contains the volume of steam of the corresponding temperature 
7', compared with that of water of maximum densitv at 39° Fah. This column 
is calculated from the formula of FAIRBAIRN and TATE, namely : 

49513 

Column TT contains the weight per cubic foot in fractions of a pound : and 
Column Cthe cubic feet per poimd of saturated steimi under the pressure P 

and temperature T. 
Column ^contains the total units of heat from 32° per pound of steam of 

temperature Tand pressure P, calculated from the formula 

H= 1081-94 -f- 0-305 T. 2 

Column H' contains the total units of heat from 32° per cubic foot of steam 
of temperature T. 

The columns H and W give the total units of heat required to heat the 
water from 32° to the boiling-point and evaporate the samo to steam, under 
the pressure Pand of temperature T. 

Column X contains the latent unitd of heat per pound in steam of temperature 
Tand pressure P. The latent heat expresses the work done iif the evapora- 
tion, or the difference between the units of heat per pound in the steam and in 
the water of the same temperature. 

Column V contains the latent hejit per cubic foot of steam. 

Latent heat L— H — A, the unit* of heat required to evaporate each pound 
of water from the boiling-point into steam. 

Column h' contains the total units of heat required to raise each cubic foot 
of distilled water from 32° to temperature T, under the pressure P. 

Column h contains the total units of heat rotjuired to raine each pound of 
water from 3*2° to 2'°. This column is calculated from the formula deduced 
from Regnault's experiments, namely : 

CT'o — 32vn 3 

ft= ro_32o_^VJ — _2fr^ 

V 

in which the last term is a parabola of exponent n = 2-67, and parameter 
■p' = 1167713. log. ;/ = 60673350. 

Column c contains the fractional cubic feet per pound of water of tempera- 1 
ture T. I 

Column w contains the weight in pounds per cubic foot of water of tempera- 
ture T. Water of the maximum density at 39° weighs 62*388055 pounds per 
cubic foot. 

Column V contains the volume of water of temperature 7, that at 39° being 
unit. This column is calculated from the formula 

^_1 , {T-Z n 4 

'20)0000 [0-23 -}- 0-0007 (T— 39) ] 

Column t contains the teniporattire of the steam and water, Celsius' scale. 
Columns t and p give the steam-pressure indicated on the safcty-valvo or 
mercury-gauge, excluding the pressure of the atmosphere. 



Properties op Steam and Water. 



The sign minus ( — ) indicates so much vacuum in the condenser; and the 
sign ( + ) the plus pressure above the atmosphere. 

The English and American unit of heat is assumed to be the heat required to 
elevate the temperature of one pound of water one degree, from 32° to 33° 
Fah. scale. Mr. Joule has determined by experiment that one unit of heat is 
equivalent to 772 footpounds of work. 

The maximum work JST, which can be realized per unit of heat in steam 
without expansion, is 

144P(F-1) 5 



K= 



H'V 



ExampU 1. — Required the maximum work K=^ that can be realized per 
unit of heat in steam of P = 50 lbs. per sq. in. V= 508-29 and H' = 143-3. 

^ 144 X 50 (508-29 — 1) ^^ , , ^ ^ 

^= 143-3X508-29 = ^^'^^ footPO^nds. 

or, 50-14 : 772 = 00649 of the natural effect. 

The maximum work which can be realized per unit of heat in steam with 
expansion will be 

144 P ( F— 1)(2-3 log. f + 1) 6 

K= , 

H'V 

in which S = stroke of piston, and I = part of the stroke with full steam. 
The natural effect of a steam-engine in horse-power is 

K K 7 



T 550 



of which from 50 to 75 per cent, is realized in ordinary practice. N= total 
units of heat passed through the engine in the time t in seconds. 

Example 2. — Let the steam in the example 1 be expanded S:t=Z times. 
We have log. 3 = 04771213, and 1-471213 X 50-14 = 73177 footpounds per unit 
of heat. Suppose each stroke of the piston to use 4 cubic feet of steam ex- 
panded 3 times, and making 90 strokes per minute. 

90 X 4 X 143-3 
Then — J/ = 439-8 units of heat per second, 



.„ » 439-8 X 73-77 

and the power will be — V;— — ■ = 59 horses, 

^ 1 X 550 



IX 550 

I 

To find the. Quantity of Water of which a given Quantity of Steam has been or can 
be prodiuxd. 

RULE. Divide the cubic contents of the steam by the volume Fin the table, 
and the quotient is the cubic content of the water. 

Force or Feed Pumps. 

Letters denote. 
f = ^troke*^"^} ®^ **^® force-pump, single acting. 
'S ~ ^roke*^*^! *^^ ^^^ steam-cylinder piston, in inches, double acting. 
F= volume of steam given in the table at the given pressure. 
The stroke of the steam-piston is only that under which steam is fully ad- 
mitted to the cylinder. 

Z, , = 4^'^» - - - 4,5, 

Fs ' Fda 



d = 2D^j 



Slip-water included. 



150 AlBrPUMP. 

Example. Required the diameter of a force-pump having the same stroke as 
the cylinder piston s =» 38 inches, diameter of cylinder 2> = 80 inches, the steam 
is cut off at i the stroke, and the steam pressure + 50 pounds per square inch f 
Elere V=* 4Slf and S=m19 inches, because steam is cut off at ^ the stroke. 

(1=. 2X304 /«^„- 2-03 inches. 



""s/mm^ 



To find the Quantity of Otmdtnsing Water. 
Letters denote, 
q =s condensing water of temjTerature t, in cubic feet. 
Q = steam of temperature Ty in cubic fl»eL 
F=^ volume in the Table. 
f =3 temperature in the condenser when the steam and water ar« mixei. 

l;4£(990+r-£) . . . . . 

Dimensions of the Air Pump* 

f = sSSl^"^ V^ ***® **' p"°*p' "*°«^® *^*^°«* 

? = St JSke^' } ®' "** *^*™ cylinder, double acting. 
Assume f » lOO^', and < = 50^, we shall have, 






single acting aiz^nmpi. 



10, 
double acting air pomps. 

11, 



Example. A single acting ^r-pump is to be constructed fbr an engine 
i> = 38 inches, «S^ = 45 inches stroke of the cylinder ; the stroke of the aii^ 
pump can be 1^ inches, and the exhaust steam is 261°. Required the diameter 
of the air-pump ? V = 767. 

a = 0«2e,X38^«^gy = 18-25 lnch«. 

4^Slip water included. 7and k must be taken for the exhaust steam, as ihe 
steam may have had worked expansively ; the area of the foot valve must be 
calculated from the following formulas. 

Foot Valve in tlie Air Pump. 

To render an air-pvmp to work well, and with the greatest advantage, it is 
necessary to pay particular attention to the following formulas. The force by 
which the water is driven from the condenser through the footvalve into the 
air-pump is limited by the pressuve in the condenser; this pressure is the 
vacuum subtracted from 14*7 pounds ; it is noted in the third column where 
the temperature in the cond^ser is opposite, in the first column. Every 
pound of this pressure per square inch balances a column of water 27 inches 
high, which is the head that presses the water from the condenser. 



Am-PuMp. 

LeittTt deniAt. 
^ =: area of the air-pump piston. 

a = area of the foot-valve, or bucket-valve. 
^ n diameter of the air-pump-piston. 

)| =B diameter of the foot-valve, when round. 
S^ = stroke of idr-pump piston, in fiset. 
$ = pressure in the condenser at the temperature T. 

n = number of strokes of the air-pump piston per minute. 



"~ 23000 mFv p' 
« 0-6 to 0*8 



S) = 



100 yH' 

lOOiv^ 



12, 



13, 



14, 



t)f = 



loyF' 



^^lOOWJp 
lOOWf 



15, 



16, 



17. 



FxampU. The area ^ of an air-pump-piston is 2-36 square feet, stroke of 
piston ^ = 3*6 feet, to make n = 40 strokes per minute, and the pressure to be 
^ = 3-2 pounds. Required the area of the foot-valve. 

^ 2-35X3-6X40 , „^ 
a = ,^? ^ri- ^ 1*86 square feet. 
100 \/3^ 

To Find the Velocity and Ctnantity of the Injection Water 
througb tlie Adjustag^e into tlie Condenser* 

Letters denote. 
V = velocity in feet per second. 

h = head of the press water; -f- when above, and — below the adjustage. 
F= vacuum, noted — or negative in the last column, but is positive in the 
formulas. 
q = quantity of water discharged in cubic feet, per second. 
a = area of all the holes in the adjustage in square feet. 

i= fen^th ^'}°"^« injection pipe, in feet. 

n = double strokes of cylinder-piston, or revolutions per minute. 

A, Z>, and S, dimensions of the steam cylinder, in feet 

T » temperature, and k a volume coefficient of the exhaust steam. 



'5v''2P+S"' 



18, 
©-8s/2F±A 19, 



^ n S J>' (9 40-hT) Of) 



y - 5a s/2F±h, . 21, 

n S J>^(940+ T) 
^" 275F>/2T+F' ' 



252 Steam. 

Example. Bequired the diameter of an injectloii pipe £ ss 10 feet looff, 
which shall supply q =s 1*3 cubic feet of water per second into a yacuum of U 
pounds per square inch, the head of press water h=m2 feet? 

d = 0-36 . * / J:2X1:3 ^ Q.3Q55 ^^^ ^ 3|X inches. 
\/ 2x12+2 J« 

Area of Steam. Passages* 

a = area of the steam pipe, sq. in. 

A = area of the cylinder piston, sq. in. 

d =3 diameter of the pipe, in inches. 

J) s diameter, S = stroke of cylinder) in inches. 

» = ^-^J*, (?=?1^, . . 24,25. 

* 36000' 186 ' ^ 

Example. Required the diameter of a sleam-pipe for a cylinder D «« 40 
inches. Stroke of piston S= ^ inches, and n = 38 revolutions per minute? 

d = 4^f|2<38 ^ g.2 inches, nearly. 
186 

Steam Ports to tlie Cylinder* 

ASn -- 

•=30600' • • • • 2«. 

Safety Valve* 

Three-fourths of the fire grate in square feet is a good proportion for the 
safety Talve in square inches. 

Notation of Letters corresponds with Figure 3, PUxU VI J2, 
a = area of safety valve in square inches. 
P= pressure per square inch in the boiler "| 
>F= weight on the safety valve lever >in pounds. 

Q » weight of the safety valve and lever j 
I = lever for W ) 
« = " aP Mn inches. 

x^ « «j 

Balance the lever over a sharp edge, and the centre of gravity Q is found; 
measure the distance x from the fulcrum (X 



aPe = Wi+Qr 27, 
p=. yL}±9j^, 28, 



ae 



aPe— Q« 


I 


aPe — Q« 


W 



30, 



Example. Area of the safety valve a = 9 square Inches, « « H Inches, 
ir= 50 pounds, weight of the lever and safety valve Q = \h pounds, and* = 17 
inches Required at what distances Z, V and I" will the weight W indicate pres- 
sures of F = 30, P' = 40, and P" = 60 pounds ? 

i = «><22><^:d2<22 = i«,„ch... 

from the fulcrum Cthe weight TTwill indicate P= 30 pounds 

V = 37-9 inches, when P = 40 pounds. 

Z" = 45-8 " « P" = 60 " 

and thus the lever can be graduated. 



Superheating. 
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SUPERHEATED STEAM. 

The Author's experience in superheated steam has been sufficient to 
convince him of its great importance. It appears that in order to utilize 
the maximum effect of steam or at least to attain the maximum quality 
of expansion, it is not necessary to overheat it after a pure steam is 
formed, that is, when all the small particles and bubbles of water are 
evaporated. Water which accompanies the steam in such a form has 
the same temperature as that due to the surrounding steam pressure, 
prevents it to vaporise ; but when it passes through the superheating 
apparatus the temperature is greatly increased while the pi*essure re- 
mains the same because it being in connection with the steamroom in 
the boiler allows the water to vaporise and a pure steam may be formed. 
If steam with particles of water is admitted into the cylinder part of 
the stroke and then allowed to expand, it is generally found that the end 
' pressure does not come up to that due by theory, from which it has been 
\ pronounced that the expansive quality of steam does not follow that of a 
) perfect gas, and that steam has condensed during the stroke ; but if we 
knew the cubic containt of all the particles of wat«r and subtracted that 
from the cubic containt of the steam it might be found that its expansive 
quality is not so far from that of a perfect gas. It appears also that the 
expansive quality is diminished by overheating pure steam. 

The small particles of water contain a great deal more caloric per 
volume than the surrounding steam, consequently when admitted into 
the condenser a good vacuum cannot be formed so well as with pure 
steam. It is therefore of great importance to pay particular attention to 
the superheating of steam, otherwise economy by expansion will not be 
realized to the extent herein given by formulas and tables. It is also of 
great importance for expansion that the piston and steam valves are per- 
fectly tight. 

SUPERHEATING APPARATUS. 

The accompanying figure represents a 




superheating apparatus such as the Au- 
thor has buut it in Russia 



Russia, and is found 
to answer exceedingly well. The figure 
is a section of the forend of an ordinary 
_ ^ "iLkri.^.cirim / tubular boiler with steamdrum and up- 

r^ iv^\ymi take. The chimney is made a gteat deal 

JC I 1 1 wider in the steamdrum and contracted 

^^ I III III I to the usual size at e. of 0*16 times the 

area of the firegrate ; if a strong fan blast 
is applied it may be better to contract it 
to 0"11^3* ^ *^® inside of the chimney 
are placed a number of copper tubes a, 
tf, bf b, with flanges screwed to the side : 
the area of these tubes should be about 
four times that of the steampipe c. In 
the steamdrum is riveted steamtight a 
conical plate dj d, so that the steam can- 
not pass to the top without passing the 
superheating pipes. This superheating 
apparatus is in successful operation in 
three first class passenger steamers on 
the River Volga in Russia, each of 600 
actual horses, and one in a steamer of 
100 actual horses on the Black Sea. 

The steamdrum can be placed around 
the chimney separately from the boiler 
and the steam led either above or below 
the plate d, d, by pipes from the steam- 
room, as may suit the circumstances. 
This superheating apparatus may also be well suited for looomotives. 
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EXPANSION OF STEAM. 

In order to save steam, or more correctly to employ its effect to a higher 
degree, the admittance or steam to the cylinder is shut off when the pistou 
has moved a part of the stroke ; from the cut-off point the steam acts ex- 
pansively with a decreased pressure on the piston, as represented by the 
aooompanying figure. 

Let the steam be cut off at } of the stroke, and 
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one-third the stroke S. The steam Aa eE, is now 
acting expansively on the piston, and the pres- 
sure decreases as the volume increases, when the 
piston has attained Cc or two-thirds of 5, the 
pressure Cc=10 pounds, only half the pressure 
S Aa ^20 because the volume Aa eE is only half of 
Aa cCf and so on until the piston has attained B b 
the pressure B'b=^ X20^6-66 pounds. 

The mean pressure, or the effectual pressure, 
throughout the stroke, will be about 13*33 pouudi 
per square inch, or 66 per cent., but the quantity 
of steam used is only 33 per cent., hence 33 per 
cent, is gained by using the steam expansively. 

I = part Of the stroke S in feet, at which the steam is cut off. 

P= pressure per square inch under full admittance of steam. 

F=mean pressure per square inch throughout the stroke S, 

/= mean pressure per square inch during the expansion, which in 
double expansion cylinder engines will be the average pressure per 
square inch on the large piston A. 

p = end pressure per square inch after expansion. 

S= stroke of the cylinder Piston in feet. 

J'=f[2^og.JUlog.0+l] /=^-. !>=-" 

The following Tables are calculated from these formulas. 
Examole 1. Required from the Table I. the mean pressure F for P=tt 
lbs. at nve-eights expansion. 

AddlJ^oraoibs. |;=5»:^} from the Table I. 

Mean pressure of 32 lbs. F=23-736 the answer. 

Example 2. Required from Table II. the mean pressure /, per square 
inch during the expansion, or on the large piston A in double cylinder 
engines, when the initial pressure P=76 lbs. and under two-thirds ex- 
pansion 1 f =40-16 Table II. 

Example 3. Required the mean pressure /=1 for an initial pressure 
P»»43 lbs. under \ expansion 1 



For P = 40 lbs. /= 18-481 Table n 
P = 30 or 3 lbs. /= 1-38J ^ *^*® "' 



P = 43 lbs. /= 19-86 the answer. 

The elltect gained or fuel saved by expansion and hi^h steam is calculated 

from the following formulse, in which it is supposed as a unit the work 

of an engine with P=30 pounds per square inch, or an indicated pressure 

of 16 lbs. without expansion. 

c = per cent on 100, of effleot gained or fliel saved. 

IP 26490 

For expansion c = 100 (1- "_ ). For high steam c = 100 (i— ''™). 

SF r P 

The following Table III. is calculated from these formulse, in which 
the first line from 80 contains the economy per cent, from expansion 
alone, and the column o contains the economy per cent, froxa high steam 
above P=30 lbs. The balance of the table contains the jointed economy 
of expansion and high steam. Required the jointed economy of P=90 
lbs. under i expansion 1 50-6 per cent, the answer. 



Expansion Tablb I. Mean PBKSSums F. 
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Grade •! £xpaiiiloa« 


Pr«»w. 
P. 


i 1 4 f , i 


« J 


I 


1 i 


1 


0-9637| 0-9333 


0-9187 0-8465 


0-7417 10-6991 


0-5965 


03848 


2 


1-9276 1-8686 


1-8375 


1-6930 


1-4835 1-3982 


1-1930 


0-7697 


3 


2-8912 


2-7999 


2-7562 


2-5395 


2-2252 2-0873 


1-7895 


1-1546 


4 


3-8550 


3-7333 


3-6750 


3-3860 


2-9676 


2-7964 


2-3860 


1-5395 


6 


4-8185 


4-6666 


4-5935 


4-2325 


3-7085 


3-4966 


2-9825 


1*9240 


6 


5-7322 


5-5999 


5-M22 


5-0790 


4-4502 


4-1946 


3-5790 


2-2008 


7 


6-7469 


6-5334 


6-4319 


5-9255 


6-2419 


4-8937 


4-1755 


2-6946 


8 


7-7106 


7-5666 


7-3396 


6-7720 


1 5-9346 ' 5-5928 


4-7720 


3-0784 


9 


3-6733 


8-3999 


8-2683 


7-6185 


6-6753 1 6-2919 


5-3686 


3-4682 


lO 


9-6370 


9-3333 


91870 


8-4656 


7-4170 6-9912 


5-9650 


3-8480 


11 


10-601 


10-266 


10-106 


9-3115 


8-1597 7-7001 


6-5615 


4-233S 


\2 


11-565 


11-199 


10-925 


10-158 


8-9014 8-3892 


7-1580 


4-6186 


13 


12-528 


12-133 


11-943 


11004 


9 6421 9-0783 


7-7545 


50034 


14 


13-492 


13066 


12-862 


11-851 


10-384 9-7874 8-5310 


5-3882 


15 


14-456 


13-930 


13-781 


12-698 


11-126 


10-486 8-947.'i 


5-7730 


16 


15-420 


14-933 


14-700 


13-544 


U-MS 


11-185 


9-5440 


6-1582 


17 


16-383 


15-866 


15-618 


14-390 


12-609 


11-884 


10-140 


6-5426 


18 


17-347 


16-799 


16-537 


15-237 


13-531 


12-483 


10-737 


6-9274 


19 


18-311 


17-733 


17-448 


16803 


14-093 


13-183 


11-333 


7-3122 


20 


19-275 


18-666 


18-375 


16-930 


14-835 


13-902 


11-930 


7-6970 


21 


20-238 


19-599 


19-293 


17-776 


15-576 


14-501 


12-526 


8-0818 


22 


21-201 


20-532 


20-211 


18-623 


16-318 


15-300 


13-123 


8-4667 


23 


22-166 


21-466 


21-131 


19-469 


17-060 


15-989 


13-720 


8-8516 


24 


23-030 


22-399 


22-050 


20-316 


17-802 


16-698 


14-316 


9-4365 


2& 


24-093 23-333 


22-968 


21162 


18-573 


17-477 


14-912 


9-6210 


2e 


25057 


24-266 


23-887 


22-009 


19-285 


18-046 


15-509 


9-8978 


28 


26-985 


26-233 


25-714 


23-702 


20-769 


19-495 


16-702 


10-775 


30 


28-912 


27-999 


27-562 


25-395 


22-252 


20-873 


17-895 


11-546 


35 


33-731 


32-666 


32-156 


29-627 


25-961 


24-368 


20-877 


13-470 


40 


38-550 


37-333 


36-750 


33-860 


29-670 


27-964 


23-860 


15-395 


45 


43-368 


42-000 


41-341 


38-092 


33-378 


31-459 


26-842 


17-319 


50 


48-187 


46-666 


45-937 


42-325 


37-067 


34-955 


29-825 


19-243 


55 


53-005 


51-333 


50-530 


46-557 


40-775 


38-450 ' 32-807 


21-167 


60 


57-822 


55-999 


55-122 


50-790 


44-520 


41-946 


35-790 


23-090 


65 


62-640 


60-666 


59-715 


55-022 


48-228 


45-441 


38-772 


24-924 


70 


67-460 


65-333 


64-300 


59-255 


52-419 


48-937 


41-755 


26-694 


75 


72-278 


69-999 


68-893 


63-487 


56-127 


52-432 


44-737 


28-626 


80 


77-096 


75-666 


73-500 


67-720 


59-340 


55-928 


47-720 


30-790 


85 


81-914 


80-333 


78-093 


71-952 


63048 


59-423 


50-702 


32-714 


90 


86-730 


83-999 


82-680 


76-180 


66-750 


62-919 


53-680 


34-638 


05 


91-548 


88-666 


87-273 


80-412 


70-458 


66-414 


56-662 


36-554 


100 


96-376 


93-333 


91-870 


84-650 


74-170 


69-910 


59-650 


38-480 


105 


101-18 97-999 


96-463 


88-882 


77-878 


73-405 


62-632 


40-404 


110 


105-99 


101-66 


161-05 


93-120 


81-586 


76-900 


66-614 


42-328 


115 


110-80 


106-33 


105-64 


97-352 


85-294 


80-395 


69-596 


44-252 


125 


120-46 


115-66 


114-83 


105-81 


102-83 


87-387 


74-562 


48-101 


140 


134-92 


130-66 


128-62 


118-51 


103 84 


97-874 


85-310 


53-882 


150 


141-56 


139-33 


137-81 


126-47 


111-26 


104-86 


89-470 


57-730 


200 


192-75 


186-66 


183-75 


169-30 


148-35 


139-02 


119-30 


76-970 


250 


240-93 


233-33 


229-68 


211-62 


185-43 


174-77 


149-12 


96-210 


300 


289-12 


279-99 


275-62 


258-95 


222-52 1 208-73 1 178-95 


116-46 
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Mean 


Prestnre /'during the Expansion 


, 


_ 1 


'•^i' i 1 i 


i 


1 i 


1 « 1 S i i 


30 


28-549 1 24 


23-5( 


) 20-79 


17-60 16-31 


13-86 i 8-9097 


35 


33-308 


28 


27-41 


I 24-25 


20-54 19-02 


16-17 10-394 


40 


38-066 


32 


31-8: 


{ 27-72 


23-47 


21-73 


18-48 11-879 


45 


42-824 


36 


35-2f 


> 31-18 


26-40 


24-46 


20-79 , 13-364 


50 


47-582 


40 


39-H 


1 34-65 


29-33 


27-16 


23-10 


14-849 


55 


52-340 


44 


43-Of 


1 38-11 


32-24 


30-17 


25-41 


16-334 


60 


57-098 


48 


47-OC 


\ 41-58 


35-20 


32-62 


27-72 


17-819 


65 


61-853 


52 


50-91 


45-04 


38-14 


35-.33 


30-03 


19-303 


70 


66-616 


56 


64-8? 


48-51 


41-07 


38-04 


32-34 


20-788 


75 


71-371 


60 


68-7S 


► 51-90 


44-00 


40-75 


34-65 


22-263 


80 


76-128 


64 


62-6C 


55-44 


46-94 


43-47 


36-96 


23-758 


85 


80-885 


68 


66-1 S 


58-90 


49-87 


46-19 


39-27 


25-243 


90 


86-448 


72 


70'5C 


62-37 


52-80 


48-93 


41-58 


26-729 


95 


90-391 


76 


74-41 


65-73 


55-73 


51-62 


43-89 


28-213 


100 


95-160 


80 


78-33 


69-30 


58-66 


54-33 


40-20 


29-699 


105 


99-910 


84 


82-2J 


0> 72-76 


61-57 


57-33 


48-51 


31-183 


110 


104-68 


88 


86-16 


76-23 


64-48 


60-35 


50-82 


32-669 


115 


109-40 


92 


90-08 


79-69 


67-44 


62-79 


53-13 


34 153 


125 


118-95 


100 


97-91 


97-02 


73-34 


67-95 57-75 | 


37-122 


140 


133-23 


112 


109-fi 


97-02 


82-14 


76-08 


64-68 1 


41-576 


150 


142-74 


120 


117-5 


103.9 


88-00 


81-50 


69-30 


44-548 


200 


190-32 


160 


156-6 


138.6 


117-3 


108-6 


92-40 


59-398 


250 


237-07 


200 


195-7 


173.2 


146-6 


135.8 


115-5 


74-247 


300 


288-16 


240 


235-0 


207.9 


176-0 


163.1 


138-6 


89-097 


Table III. Economy of Expansion and high Steam. 


Fuel tared or effect gained per cent. 


Pres., 
P. 1 





i ! i 1 


8 

32 


i.. 

41 


f . 5 


i 1 i 


30 





~T2~r 


29-5 


49-3 52 


68 67-5 


35 


1-6 


13-6 


31 


.33-6 


42-6 


51 


63-6 


69-6 69-1 


40 


2-5 


14-5 


32 


34-5 


43-5 


51-8 


54-5 


60-5 


1 70 


45 


3-4 


15-4 


33 


35-4 


44-4 


52-7 


65-4 


61-4 


71 


50 


4.3 


16-3 


33-8 


36-3 


45-3 


53-6 


66-3 


62-3 


71-8 


55 


5-2 


17-2 


34-7 


37-2 


46-2 


54-5 


67-2 


63-2 


72-7 


60 


6 


18 


35-7 


38 


47- 


55-3 


68 


64 


73-5 


65 


6-7 


18-7 


36.2 


38-7 


47-7 


56 


58-7 64-7 


74-2 


70 


7-3 


19.3 


36.8 


39-3 


48-3 


56-6 


59-3 j 66-3 


74-8 


75 


7-8 


19-8 


37-3 


39-8 


48-8 


67-1 


59-8 I 66-8 


76-3 


80 


8-5 


^•5 


38 


40-5 


49-5 


57-8 


60-5 


66-5 ' 76 


85 


9 


21 


38-5 


41 


50 


58-3 


61 


67 76-5 


90! 


9-6 


21-5 


39 


41-5 


60-5 


58-8 


61-5 


67-5 77 


95' 


10 


22 


39-5 


42 


61 


59-3 1 62 


68 77-5 


100 


10-4 ' 22-4 1 


40 


42.4 


61.4 


59-7 


62-4 


68-4 78 


105 


10-7 22-7 


40-2 


42-7 


51-7 


60- 


62-7 


68-7 ' 78-2 


115' 


U 23 


40-5 


43 


62 


60-3 


63 


69 ' 78-5 


125; 


11-7 23-7 


41-2 


43-7 


62-7 


61 


63-r 


69-7 ' 79-2 


150 1 


14 26 


43-5 


46 


55 


63-3 


66 


72 ; 81-5 


200 


16 28 


45-5 


48 


67 


65-3 


68 ' 74 83-5 


250 


17-7 29-7 1 46-2 1 


49-7 


68-7 


67 


69-7 1 75-7 85-2 


,300 


19 31 48-5 1 


51 


60 


68-3 


71 77 J 8«.5 
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Tible IV. 
Comvinptioii of Coal in ponndd per horse power per ho«r« 
Grtide of JExpansion. 

t 4 ' i k f f 111 



FrfH. ^ 
P. 



lbs, 

30 
35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

115 

125 

I 150 

: 200 

ZSO 
300 



ibi, 
6-6 
5-51 
5-46 
5-41 
5-36 
5-31 
5-26 
5-20 
5-19 
5-16 
5-12 
5-09 
507 
6-04 
501 
500 
4-98 
4-94 
4-81 
4-70 
4-60 
4-64 



Iba, 
4-93 
4-84 
4-79 
4-73 
4-68 
4-63 
4-59 
4-55 
4-52 
4.49 
4-45 
4-42 
4-39 
4-37 
4-34 
4-32 
4-31 
4-27 
4-14 
403 
3-93 
3-87 



ibi, 
3-95 
3-86 
3-81 
3-75 
3-71 
3-66 
3-60 
3-57 
3-54 
3-51 
3-47 
3-44 
3-41 
3-39 
3-36 
3-35 
3-33 
3-29 
3-16 
3*05 
3-01 
2-89 



ibi, 
3-81 
3 72 
3-67 
3-62 
3-67 
8-51 
3-47 
3-43 
3-40 
3-37 
3-33 
3-30 
3-28 
3-25 
3-23 
3-21 
319 
3-15 
3-02 
2-91 
2-81 
2-76 



Ibf, 
3-30 
3-21 
3-16 
3-11 
3-06 
3-01 
2-^7 
2-93 
2-90 
2-87 
2-83 
2-80 
2-77 
2-74 
2-72 
2-70 
2-69 
2-65 
2-52 
2 41 
2-31 
2-24 



no, 
2-84 
2-74 
2-70 
2-65 
2-60 
2-55 
2-50 
2-46 
2-43 
2-40 
2-36 
2-38 
2-31 
2-28 
2-2« 
2-24 
2-22 
2-19 
2-05 
1-94 
1-85 
1-78 



ibih 
2*69 
2-60 
2-55 
2-50 
2-46 
2-40 
2-35 
2-31 
2-28 
2-25 
2-21 
2^18 
216 
213 
210 
2-09 
2-07 
203 
1-90 
1-79 
1-70 
1-62 



ibi, 
2-35 
2-26 
2-21 
2-16 
211 
206 
2-02 
1-98 
1-94 
1-91 
1-88 
1-85 
1-82 
1-79 
1-77 
1-76 
1-73 
1-70 
1-67 
1-46 
1-36 
1-29 



1-85; 

l-73i 
1-68 
1-62 
1-58 
1-63 
1-49 
1-45 
1-41 
1-39 
1-36 
1-32 
1-29 
1-26 
1-23 
1-22 
1-20 
1-17 
1-04 
0-92 
0-83 
0-75 



Table V. 
CoBtnmption of Coal in torn per 100 harsot in 34 honrs. 



Preii. 




P. 





Ika. 


tons 


30 


6-00 


35 


6-90 


40 


5-85 


45 


5-80 


50 


5-75 


55 


5-70 


60 


5-64 


65 


5-68 


70 


5-56 


75 


5-53 


80 


5-49 


85 


5-46 


00 


5-43 


95 


5-40 


TOO 


5-37 


105 


5-36 


115 


5-34 


125 


5-30 


150 


5-16 


200 


5-04 


250 


4-93 


300, 


4-87 



i 


tom, 


i 

tons. 


J 


f 


i 


i 


i 


tout, 


iMU, 


tons. 


tons. 


tou, 


tou, 


5-29 


4-23 


4-09 


3-54 


3-04 


2-88 


2-52 


1-95 


5-19 


4-13 


3-99 


3-44 


2-94 


2-79 


2-42 


1-86 


513 


408 


3-93 


3-39 


2-90 


2-73 


2 37 


1-80 


6-07 


4-02 


3-88 


3-34 


2-84 


2-68 


2-31 


1-73 


5 01 


3-97 


3-83 


3-28 


2-79 


2-63 


2-26 


1-69 


4-96 


3-92 


3-77 


3-22 


2-73 


2-57 


2-21 


1-64 


4-92 


3-87 


3-72 


3-18 


2-68 


2-62 


2-17 


1-60 


4-88 


3-82 


8-68 


314 


2-63 


2-48 


212 


1-55 


4-84 


3-79 


3-64 


311 


2-60 


2-44 


2-08 


1*51 


4-81 


3-76 


3-61 


3-07 


257 


2-41 


2-05 


1-49 


4-77 


3«72 


3«57 


3-03 


2-53 


2-37 


2-01 


1-44 


4«74 


3-69 


3-54 


300 


2-50 


2-33 


1-98 


1-41 


4-70 


3-66 


3-51 


3-97 


2-47 


2-31 


1-95 


1-38 


4-68 


3-63 


3-48 


2-94 


2-44 


2-28 


102 


1-35 


4-65 


3-60 


3-46 


2-91 


2-42 


2-26 


1-90 


1-32 


4-63 


3-59 


3-44 


2-89 


2-40 


2-24 


1-88 


1-31 


4-61 


3-57 


3-42 


2-88 


2-38 


2-22 


1-85 


1-29 


4-58 


3-53 


3-38 


2-84 


2-34 


218 


1-82 


1-25 


4-44 


3.39 


3-34 


2-81 


2-30 


2-04 


1-68 


Ml 


4-32 


3-27 


312 


2-59 


219 


1-92 


l-5« 


099 


4-21 . 


3-22 


3-01 


2-47 


2-09 


1-82 


1-46 


0-89 


4-15 


310 


2 95 


2-40 


2-01 


l-74_ 


138 


0-83 
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HOESE POWER IN MACHINERY. 

Horse power in Machinery is assumed to be about the effect a horse ii 
able to produce, and has been estimated and establised by Mr. Watt to 
be 33,000 lbs. raised one foot per minute for one horse, which will be the 
same as 550 lbs. raised one foot per second. This applied to steam en- 
gines, a diflttculty has been encountered, namely, to f&resay the velocity 
of the steam piston, for which Mr. Watt assumed a certain speed for each 
length of stroke, varying nearly as the cuberoot of the length of the 
stroke. He also adopted a standard steam pressure of 7 lbs. per 
square inch, established a simple rule for the nominal horse power of 
engines which is " The square of the diameter of the cylinder in inches mutti- 
plied by the cuberoot of the stroke tnfeety and divided by the constant number 47 
is the nominal horse povoer. This rule agreed very near to the actual per- 
formance of engines in those days, but as the improvements advanced 
we found that the steam piston can move with a greater velocity and the 
steam pressure gradually increased, that our days engines greatly exceeds 
the above rule. 

The English Admiralty has adopted Mr. Watt's rule, with a slight 
modification in the assumption of the speed of the steam piston. Area of 
cylinder piston in square inches mvUipiied by 7 lbs. steam pressure^ mvttipHed 
into the speed of piston in feet per minute divided by 33000. The length of 
stroke and relative speed of piston, and the number of revolutions per 
minute is assumed for 

3 feet stroke 30 revolutions and 180 feet per minute. 
9 " 13J " 247 " " 

in which the speed of the piston will be very near 120 -^^^ feet per minute. 
For long strokes the Admiralty's is less, and Mr. Watt's a little more. 

Another expression well known as Indicated horse power ^ which should 
be understood to be the gross horse power imparted by the steam on the 
cylinder piston, but in some cases the friction and working pumps about 
10 to 26 per cent, are deducted and still called Indicated horse power , This 
makes a great confusion particularly in datas given of steamsbip pe> 
formance. Numerous other estimates have been made of horse power, 
but most of them founded on that by Mr. Watt. Herein we shall assume 
two kinds, first. Nominal horse power , to express the size, weight and com* 
mercial value of engines, and to be the power spoken of when not ex- 
pressly stated, the second, Actual horserpower, which is to express the actual 
Sower an engine is able to deliver after friction and working pumps are 
educted. 

Comparing propeller and paddle wheel engines we now find that the 
velocity of the piston is frequently greater for short stroke, still I will 
maintain Mr Watt's rule, because it gives an accurate estimate of the 
real worth of an engine ; shall only alter the coefficient so as to suit our 
days practice. 

NOMINAL HORSE POWER. 

Assume a standard steam pressure of 30 lbs. per square inch, expanded 
two-thirds the velocity of the steam piston to be 200 -^^feet and reTO- 
100 per minute, we will arrive to a formulae of nominal 
lutions n = -— ^ j^a^ 

V horse power. H = -J^Jl, for condensing engines, 

which will agree very near with the actual performance of our present 
condensing engines. The preceding tables are calculated from this formulse. 
For high pressure engines I will assume the steam pressure to 80 lbs. 
per square inch, expanded t which will give the nominal horse power, 

£r=x — Y. — , high pressure engines. 
4 
The horse power in the accompanying table divided by 0*4 gives the 
no'.uinal Ipower o high pressure engines. The diameters D are contaiiusd 
in the first column in inolMs, and the stroke 5 in feet and inches on tbs 
('>;» liae. 
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ACTUAL HORSE POWER. 

One actual horse power is 33000 lbs. raised one foot in one minute, 
applied to steam engines will be the mean steam pressure on oylind< 
piston in pounds, multiplied by the velocity of piston in feet per minut< 
divided by 33.000, is the horse power imparted by the steam. From thi 
we shall deduct 26 per cent, in condensing engines, and 13*1 per cen^ 
iD high pressure engines, for working Mction and pumps, the bak ' 
to be termed the actual horse power. 

Example 1 . Fig. and formulce 318. Area of steam cylinder A = 1809 squaM 
inches, stroke of piston S=4 feet, indicated pressure of steam 30 lbs. id 
-which add the atmospheric pressure 16 lbs. or P^46 lbs. expanded §, thi 
mean pressure will be F- 31 -469 lbs. (tee Expansion Table I.), vacuufli 
v=12 lbs. the engine making n=46 revolutions or double stroke pet 
minute. Required the actual horse power, H='i PT— 8l'4694-l2-l4-7a* 
28-769 lbs. ^^ 1809X4X28-769X46 ^ ^.^ ^^^^^ 
22000 
In this example the actual horse power is 11*6 per cent, more than the 
nominal power from the table. 

Example 2. Fig. 318. A high pressure engine of cylinder piston J ==314 
square inches, stroke 5=3 feet, steam pressure 80 lbs, per square inch, to 
-which add 16 lbs. P=96 lbs. expanded i, the engine making n~66 revo- 
lutions per minute. Required the actual horse power 1 From the ex- 
pansion table we have the mean pressure F ^80*412 lbs., from which sub- 
tract the atmospheric pressure 14-7 lbs. W= 66-712 lbs. 

__ 314X3X66-12X66 ,„^ „ ^ 

H— — ^^^J-^ c^ — =. 180-8 horses. 

19000 

Annular Expansion Doable Cylinder, Fig. 319. 

These kind of engines are now sometimes made in Europe with a view 
to economise fuel, and to extend the expansion of steam. The outer 
cylinder A^ A, is annular, similar to that made by Mouslay, but in this 
case it is employed only for expansion, the inner cylinder a is used for high 
pressure only. It is so arranged by steam valves that the high steam is 
acting the whole stroke on the small piston a, after which it is conducted 
to the annular cylinder where it acts expansively on the large piston A^ A. 
The two pistons being connected by rods to one common crosshead as 
shown by Fig. 319. This arrangement has been successfully carried out 
b^ IMr. Jftgerfelt in Nykoping, Sweden. The inner cylinder can be con- 
sidered an ordinary high pressure engine where the utilized steam is set 
free into the air at each stroke : but In this case the exhaust steam ac- 
complishes a second engagement in the annular cylinder, which according 
to the grade of expansion may greatly exceed the original efi^ct im- 
parted in the small cylinder during the first engagement. 

Example 3. Fig. 319. Area of the high pressure cylinder piston 
«= 254-4 square inches, the annular expansive piston il -^763-2 square 
Inches, stroke of pistons S=Z feet, the high steam pressure P=--60 lbs. 
vacuum V =12 lbs., making »= 66 revolutions per minute. Required the 
actual horse power of the engine 1^=1 The grade of expansion will be 

763*2 
1- — = §, for which the mean pressure on the annular piston will be 

/=32-G21bs. See Expansion Table II. The effective pressure on the two 
pistons wiU be F=r763-2 (32-62-f-12-14-7) -|- 264-4 (60—32-62) = 29800 lbs. 

fl = ««*'^''X^=264 horses. 
22000 

Example 4. Now we will reject the annular expansion cylinder, and 
take the effect of the steam without expansion, when the eflTeotual pres- 
sure will be 60-14-7=46-3 lbs. and the actual power, 
^^264;4X3X46:3X66^^^3^^^^^ 
19000 
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If we Mmsider the last result as unit we shall have 264-118=146 horses 
or nearly 1*24 per cent, gained by the expansion, omlting the loss of steam 
in the steam passages. 

In the first case about 11 per cent, was gained by vacuum, but that ad- 
vantage is rather in favour of the utility of expansion, because the high 
steam cannot so well be introduced into the condenser. 

The economy will be in the same proportion when the same grade of 
expansion is used in one cylinder. 

I do not mean to maintain that this high per centage of economy is al- 
ways fully realized in practice, as I am well aware ofcases where expan- 
sion is of little use, caused by misooneeption and carelessness in its em- 
ployment. There are many circumstances about an engine which are in 
favour of expansion, for instance, the steam passages between the main 
valve and cylinder, and the clearance between the piston and cvlinder 
heads, contains a great deal of steam which is a total loss, but when ex- 
pansion is used, that steam expands into the cylinder, and is consequently 
utilized. The expanded exhaust require a smaller air pump than would 
be necessary for high steam introduced in the condenser. 

Half T runic Expansion Eu^ines. Fi^. 320. 
Tliis kind of engines has been introduced by Mr. Carlsund, and are ex' 
tensively used in Sweden, they are well suited for Gunboats where the 
machinery is required to be below the wat^ line. The high steam is em- 
ployed throughout the stroke in the annular space around the trunk, 
after which it is conducted to act expansively on the large piston A 
Fig. 320. 

Example 6. Fig. 320. Area of the annular piston a=662 square inches, 
and il=- 2248 square inches, stroke of piston S=4 feet, steam pressure 
P=90 lbs., making n=6& revolutions per minute. Required the actual 
horse power Y 

662 
Grade of expansion = 1— ^sTq ^ ^» 

From the Expansion Table II. we have/=41*68 lbs. mean pressure on A, 
The effectual pressure will be F=J»48 (41'68— 14-7) -^-662 (90.-41-68) = 
87639 lbs., high pressure 87639X4X68 ^^ , , 

If =x ^ ^ ss 627*3 horses. 

38000 

Double Cylinder Expansion Engines, Fig. 321. 

This kind of engines are now made in England and are said to be very 
economical. The small cylinder is used for high pressure, from which 
the steam is conveyed to expand in the large cvlinder. In The figure it 
is arranged so that the pistons follow one another in one direction, when 
the steam must be conveyed from the top of the small cylinder to the 
bottom of the large one, and vice-versa ; but it is sometimes arranged bo 
that the pistons move in opposite direction, when the steam is conveyed 
direct at the same ends from the small cylinder to the large one. whicli 
has the advantage of making the steam passages shorter, but is more 
complicated in concentrating the motion. 

Example %, 

High pressure eyllnder,{ "^S^^-^BQuaretoohe.. 

ExpandonoyUnder, { ^ Z J?^|t'"*""°**'* 
Steam pressure in the small cylinder P=40 lbs., vacuum v=»12 lbs., 
making n=21 revolutions per minute. Required the actual horse 
power, H=% 9fi2V6 

Grade of expansion =1 — ^ = K- 
^ 8848X10 

From the Expansion Table II. we have/=I1.879 lbs., mean pressure on A. 
w= 8848X10 (11.879+12-14:7)4-962X0 (40-11.879) =866767 lbs. Of mo- 

»»»"»• H=!5«?^l»_«i.hor«.. 

22000 "w*^"*"- 
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318. One double acting Cylinder, 

r „ ASWn 

Actual ^= 22000 ' ^*'''^- ^''^'- 

horse -( a n m- • 

power, I ff— ^^ Wghpr. en- 

^ "~ 19000 "' gi'ies. 



W^ssF+v — 14-7 for cond. engines. 

W=:F — 14- 7 for high pressure engines . 

319. Annular expansion double Cylinder. 

iP=:?/[2-3 (log.A-^log.a)-{.l-]. 
A 

^ FA-^Pa r=^(/+v— 14-7; 

•^= A^a ' +<P-f)^ 

( VSn 

Actual I S=z 09^^^ , cond. engines. 



horse •( 



power. I ^— 



22000 ' 
VSn 



19000 



high pr. engs. 



320. Halftrunk expansion Cylinder, 
F^?£ i2'^(log,A—log.a)^l-]. 



/= 



Fa--_Pa 

~a::^' 



Actual ( ^'- 
horse •{ 



VSn 
'44000 



V=A(f^v-^U'1) 
+a(P^f). 

» cond. engines. 



power, I ff^ZA^y high pr. engs. 
^ 38000 ^ ^ 




321. Double Cylinder expansion, 
F=:^±[2'3Clog.AS-log.as)+l] 
FA^Pd w==AS(,f+v-^U'l) 



/= 



A— a 



+as(P^f), 



A j[ TT- ^^ ? cond. engines. 
^c^Mo/ ^—22000 

horse < 
power. ( iy=£^» high pr. engines. 
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CONDEMSINQ ENaiMES. 




Diam, Stroke of Cylinder Piston S in feet, ' 


D 


V 
H 


ir3M'6",r9"i S' i2'3' 


'(|2'6"2'9': 3' 3' 6 


", 4' 4' 6"l 5' 


In. 


H 


U 


H 


H 1 H 


H 


1 H 


1 H 


1 H 


1 H 


1 H 1 M 


6 


3-6 


3-8S 


4-15 


\ 4-35 


1 4-53! 4-72 


4-88 5-04 5-19 5-47 5-71 5-94 6-16i 


7 


4-9 


5-25 


5-61 


5-9( 


1 6-17| 6-43 


6-65 6-86 7-07 7-44 7-78 8-10 8-38! 


8 


6-4 


6-9C 


7-32 


7-71 


8-06 8-39 


8-68 8-96 9-23 9-72 10-1 10-6 11-0 


9 


8-1 


8-72 


9-27 


9-75 


10-2 


5 10-6 


ll-( 


) ll-3| 11-7I 12-31 12-91 13-4! 13-9 


10 


10 


10-8 


11-4 


12-(1 


12-f 


> 13-1 


13-C 


) 14-( 


) 14-4 


I 16-2 15-9 16-5I 17-i; 


11 


12-1 


13-0 


13-9 


14-6 


15-2 


15-8 


16-4 


\ 16-c 


1 17-4J18-3J19-J 


2 20-0 20-7 


12 


14-4 


15-5 


16-5 


17-4 


18-1 


18-9 


19-fi 


20-2 


\ 20S 


2M 


) 22-9 23-8 24-61 


13 


16-9 


18-2 


19-3 


20-3 


21-3 


22-1 


22-S 


23-7 


24-4 


[ 25-f 


> 26-8 27-9 28-9i 


14 


19-6 


211 


22-4 


23-6 


24-7 


25-7 


266 


27-4 


28-3 


29-5 


3M 32-4 33-5 


15 


2-26 


24-2 


25-8 


27-1 


28-3 


29-5 


30-5 


31-5 


32-4 


34-1 


35-7 37-1 


38-5 


16 


25-6 


27-4 


29-3 


30-8 


32-2 


33-5 


34-7 


35-8 


37-0 


38-9 


40-6 42-21 43-81 


17 


28-9 


3M 


33-1 


34-8 


36-4 


37-9 


39-2 


40-5 


41-7 


43-9 


45-9 47-7 


' 49-4 


18 


32-4 


34-9 


37-1 


39-0 


40-8 


42-5 


44-0 


45-4 


46-8 


49-2 


61-4J 53-£ 


65-4 


19 


36-1 


38-9 


41-3 


43-5 


45-5 


47-3 


49-0 


50-6 


52-1 


54-8 


57-3 


59-e 


> 61-7 1 


20 


40-0 


43-1 


45-8 


48-2 


50-4 


52-4 


54-3 


66-0 


57-7 


60-7 


63-5 


66-C 


68-41 


21 


44-] 


47-5 


50-5 


63-1 


55-6 


57-8 


69-8 


61-7 


63-6 


67-0 


70-0 


72-8 75.4 


22 


48-4 


52-1 


55-4 


58-3 


61-0 


63-4 


65-6 


64-8 


69-8 


73-5 


76-8 


800 82-8 


23 


52-9 


67-0 


60-5 


63-7 


66-7 


69-3 


71-8 


74-1 


76-3 


80-3 


84-0 


87-4/ 90-5 


24 


57-6 


620 


65-9 


69-4 


72-6 


75-5 


781 


80-7 


83-1 


87-4 


9] -5 


95-2 98-6 


25 


62-5 


67-3 


71-5 


75-3 


78-7 


81-9 


84-8 


87-5 


90-2 


94-8 


99-2 


103 107 


26 


67-6 


72-8 


77-3 


81-5 


85-2 


88-6 


91-7 


94-7 


97-5 


102 


107 


nil 116 


27 


72-9 


78-5 


83-5 


87-8 


91-9 


95-6 


990 


102 


105 


111 


116 


1201 125 


2g 


78-4 


84-4 


89-8 


94-5 


98-8 


102 


106 


110 


113 


119 


124 


129 


134 


29 


84J 


90-5 


96-2 


101 


106 


110 


114 


118 


121 


128 


133 


139 


144 


30 


90-0 


96-9 


103 


108 


113 


118 


122 


126 


130 


137 


143 


149 


154 


31 


96-1 


103 


110 


116 


121 


126 


130 


134 


139 


146 


153 


159 


164 


32 


]02 


110 


117 


123 


129 


134 


138, 


143 


148 


155 


163 


170 


175 


33 


109 


117 


124 


131 


137 


142 


147 


152 


157 


165 


173 


ISO 


186' 


34 


115 


124 


132 


139 


145 


151 


157 


162 


167 


175 


183 


190 


198; 


35 


122 


132 


140 


148 


154 


160 


166 


172 


177 


186 


194 


202 


210 


36 


129 


140 


148 


156 


163 


170 


176 


182 


187 


197 


205 


214/ 222 1 


37 


137 


147 


156 


165 


172 


180 


186 


192 


198 


208 


217 


226 


234 


38 


144 


155 


165 


174 


182 


190 


196 


202 


209 


218 


229 


2381 


247 


39 


152 


164 


174 


183 


192 


200 


206 


213 220| 


231 


241 


251 


260 


40 


160 


172 


183 


• 193 


202 


210 


217 


224 


231 


243 


254 


264 


274 


42 


176 


190 


202 


212 


222 


231 


240 


347 


264 


268 


280 


291 


302 


44 


193 


208 


221 


233 244 


254 


263 


271 


280 


294 


307 


320 


331 


46 


211 


228 


242 


255 266 


277 


287 


297 


306 


321 


336 


350 


362 


48 


230 


248 


264 


277 


290 


302 


313 


323 


332 


350 


366 


380 


394 


50 


250 


269 


286 


301 


315 


328 


339 


350 


360 


380 


397 


413 


427 


52 


270 


291 


309 


326 


340 


354 


367 


378 


390 


410 


429 


446 


463 


54 


291 


314 


333 


351 


367 


382 


396 


408 


420 


443 


463 


481 


500 


60 


360 


388 


412 


433 


453 


472 


488 


504 


619 


547 


671 


594 


616 


66 


435 


468 


498 


525 


548 


571 


59] 


610 


628 


661 


690 


718 


744 


72 


518 


558 


593 


626 


653 


679 


704 


726 


748 


787 


822 


856 


886 


78 


608 


655 


696 


734 


766 


784 


825 


852 


877 


924 


964 


1003 


1039 


84 


705 


759 


807 851 


888 


924 


957 


989 lOloh 


071 


L116 


1166 


1206 


90 


810 


872 


927; 975 ] 


L020 


1062 


LlOO lL34jll68 1 


229 


1284 


1336 


1385 


96 


92] 


991 


1053ilU0 J 


L160 ] 


L206 ] 


L249ll29l|l327 1 


400 1460(1505 


1575 
























^~ 





Nominal Horsepower or Condensing Engines. 



Stroke of Cylinder Piston S in feet. 



1> 

~in7 

30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
62 
54 
56 
58 
60 
62 
64 
66 
68 
70 
72 
74 
76 
78 
80 
84 
88 
92 
90 
100 
104 

108 
112 

lie 

120 
124 
128 
132 
136 
140 
144 
148 
162 
156 
162 
108 
174 
180' 



163 

186 

210 

235 

262 

290 

320 

352 

384 

418 

554 

491 

529 

570 

611 

654 

698 

744 

791 

840 

890 

942 

995 

1050 

1105 

1162 

1282 

1407 

1538 

1674 

1817 

1964 



172 
196 
221 
248 
276 
306 
336 
371 
405 
441 
478 
518 
558 
600 
644 
689 
736 
784 
834 
885 
938 
994 
1048 
1105 
1165 
1226 
1350 
1423 
1619 
1763 
1913 
1969 
21192231 
2279I2399 



2445 
2616 
2793 
2977 
3166 
3360 
3561 
3767 
3980 
4198 
4421 
4768 
5128 
5494 
5887 



H 

180 
204 
231 
259 
289 
320 
352 
387 
423 
461 
500 
541 
583 
637 
673 
720 
769 
819 
871 
925 
980 
1037 
1095 
1155 
1219 
1280 
1411 
1549 
1693 
1843 
2000 
2163 
2333 
2509 
2691 
2880 
3075 
3277 
3485 
3699 
3920 
4147 
4381 
4621 
4867 
5249 
5645 



2574 

2754 

2941 

3133 

3333 

3538 

3749 

3966 

4190 

4402 

4655 

5020 

5399 .„,.,... v,uu.^ 

5791 6055 6297 6521 

61 98| 6480] 6539 6979 



9' 
U 

187 

213 

240 

269 

299 

333 

365 

402 

440 

479 

520 

562 

606 

652 

700 

749 

800 

852 

906 

960 

1019 

1078 

1139 

1201 

1205 

1331 

1467 

1610 

1761 

1917 

2080 

2250 

2426 

2609 

2799 

2995 

3198 

3408 

3624 

3847 

4077 

4313 

4556 

4805 

5062 



10' I 11' 
M~ H 



194 

220 

249 

273 

311 

344 

380 

417 

460 

496 

538 

682 

628 

675 

724 

775 

828 

882 

938 

996 

1055 

1116 

1179 

1244 

1310 

1378 

1520 

1668 

1823 

1985 

2154 

2349 

2512 

2702 

2898 

3312 

3101 

3529 

3753 

3984 

4222 

4466 

4718 

4976 

5242 

54585653 

58706079 



200 
227 
257 
288 
321 
355 
392 
430 
470 
512 
655 
601 
648 
697 
648 
800 
855 
911 
968 
1023 
1089 
1163 
1218 
1284 
1353 
1423 
1569 
1722 
1882 
2049 
2224 
2405 
2594 
2790 
2992 
3202 
3419 
3643 
3875 
4113 
4359 
4611 
4871 
5138 
5412 
5836 
6277 
6733 
7205 



12' , 13^ 14' I 15' 16' 18 ' I 20' 
H"I H FH FH H I H H 



206 

252 

264 

296 

330 

366 

404 

453 

484 

627 

572 

619 

667 

718 

770 

824 

879 

938 

997 

1059 

1122 

1187 

1254 

1322 

1393 

1465 

1615 

1773 

1938 

2010 

2290 

2477 

2671 

2871 

3081 

3297 

3521 

3752 



3990 4096 



4235 
4488 
4748 
5016 
5291 
5573 
5010 
6463 
6933 
7419 



211 

241 

272 

306 

341 

377 

416 

461 

497 

541 

588 

635 

685 

737 

791 

846 

903 

963 

1024 

1087 

1152 

1218 

1287 

1358 

1430 

1504 

1658 

1820 

1990 

2166 

2351 

2542 

2742 

2949 

3163 

3385 

3614 

3852 



217 
246 
276 
312 
348 
385 



222 
253 
285 
319 
356 
395 



425 435 
466 477 
510 622 
555| 569 
602. 617 
651 1 667 



700 
755 
810 
867 
925 
987 
1049 



719 
775 
830 
888 
948 



226 
258 
291 
326 
363 
403 
444 
494 
533 
580 
630 
681 
734 
790 
847 
907 
968 



4348 
4608 
4875 
5179 



1114 
1171 
1249 
1319 
1392 
1466 
1542 
1700 
1866 
2039 
2221 
2400 
2608 
2806 
3023 
3243 
3471 
3706 
3949 
4190 
4457 
4716 
4997 
5279 



10101024 
1074 1099 
11401165 
12081234 
127811306 
13501380 



5431 5568 
672l!5865 
6170'6324 



1424 
1500 
1578 
1741 
1909 
2086 
2272 
2466 
2666 
2873 
3092 
3315 
3550 
3790 
4038 
4295 
4557 
4832 
5111 
5392 
5696 
6000 
6469 



1455 



1533 
1612 
1778 
1951 
2133 
2322 
2520 
2725 
2939 
3161 
3391 
3628 
3874 
4128 
4390 
4654 
4939 
5225 
5519 
5821 
6132 
6613 
7112 



6635I6802.6958 
7117|7296'7464|7629 
7617 7809 7989 8164 



230 
268 
303 
339 
378 
419 
462 
607 
554 
603 
655 
708 
764 
811 
880 
943 
1007 
1073 
1141 
1211 
1283 
1358 
1434 
1512 
1594 
1676 
1848 
2029 
2258 
2414 
2620 
2833 
8056 
3286 
3525 
3772 
4028 
4292 
4565 
4846 
5135 
5432 
5739 
6053 
6376 
6876 



24 

27i 

31i 

35 

39: 

43^ 

471 

52j 

58: 

62i 

67^ 

73? 

79( 

85( 

915 

975 

1042 

1101 

1182 

1254 

1328 

140fl 

1485 

1567 

1649 

1737 

1914 

2100 

2297 

2474 

2714 

2935 

3165 

3404 

3651 

3908 

4172 

4446 

4728 

5019 

5319 

5681 

5944 

6270 

6604 

7122 



70947659 
7932 8216 
8488,8793 



!64 6LmDS \ALTZB. 

SLIDE VALVES. 

Thx slide yalye motion is one of the most important features in causing a 
steam engine to work well, and to employ the effect of steam eoonomicnily. 
The author of this book being well acquainted with disarrangements on thia 
point, has here endeaxoured to give a good working-drawing of th e proper pro- 
portions and arrangements of slide-yalve motion. (See Plate YIQ') 

Main Val-re* 

It will be best to assume a certain size cylinder, and at the same time give the 
proportions Ibr any size. 

/> » 84 inches, diameter of the cylinder. 

S=li inches stroke of piston.* 

n = 56 double strokes per minute. 
We hare the area of the steamports m, from Formula 26, page 252. 

m-5±^-?*±L«-2lncheiL 
26 26 ^toca^ 

the width of the steamport; if the quotient giyes a fraction take the nearest 
(quarter or ^hth. 

« 80 

— a= •-- n 15 inches, breadth of steamport 

» 1 

r = ^m about «= 1 inch, the exhaust port o « 2m — ^ « 8| inches, and 
f = -^ir B 5i inches, ft a / ~ |r — 5^ inches, k =» l|m = 3 inches, and 
» = A+2A; « lU inches, e=m»2incfaes. 

* The stroke and diameter is here rather out of proportion, but we will maintain 
them in the t^culations as they suit the drawing, which Is purposely made to 
show the slide valve: on a large scale. The rules will howerer suit any propor- 
tions of diameter and stroke. 

To Find tbe 8trok« of tlio Bccemtrie* 

s =a stroke of the eccentric in inches. 

s = i — / — ir = 6i inches. 
The lapLt=^{ —f— 2n») = ^ inches. 

The lead of the yaWe, or opening of the steamport when the erank pin stonda 
on the centre should be about 

Haying finished the main yalye and ascertained the stroke of the eeeentrio, 
it is now required to find the position of the centre 6, (Plate IX^) of the eccentric, 
to the crank-pin. Suppose the crank pin of the en^^ne stands at a on the centra 
nearest to the cylinder, and the eccentric rods are attached direct to the yalya 
rods ; draw the line dcf, at right«ngle to the centre-line oaf* of the engjn«, 
then 

the angle, sin.JT-^^^^ - ?fitB) = 0-409, or TT- 24P IC. 

See Plates Till and IX. 

To Find tike position of tHe Crank^Pin at tbe moment tlie 
Main Valve opens« 

yoB ^^ «« 18X0^ Q.g inches, nearly, 
^ « COS. ?r 5-5X0-»123 "^ "^^^ iie«i7» 

from the centre line. 



S////r l}//\r.s. 




'' ' ' ' ^ 



£rn7///7rs. 



rhih a 



/'if/. / 



Ail ^^ 



% : 




. yi^yJh'JJi*/. j!Pj'JJ. 




Slide Valvzs. 



26f 



To Find tbe position of the Crank at the moraient the 
Bxhaust opens. 

»« ^f sin.lT— !(/— A)^ = j(o-409 — ig(6-6— 6-26)\ -8-27 inchei 

from the eentre line. 

To Find the position of the Crank Pin when the Main 
Valve cuts olT the Steanu 

s 6*5 

Fo Find at wlkat part of the Stroke the Main ValTe Cuts 
oirthe Steamy 

Wm cut off at = 1 — ~ — 1 — (~\ - 0-899 of the stroke. 

The greater the lap is, the sooner will the main-yalye cut off, hut if the lap is 
ncreased the stroke of the eccentric must also be equally increased. It does 
not work well to cut off much by tbe main-valve, especially when the engine 
irorks fast ; tar very slow motion it may answer to cut off at § the stroke. 

It will be noticed tbat tbe centre of the eccentric is always ahead of the crank 
)in with an angle 9QP-\-*o, Hence when the engine is to be reversed, the centre 
^ must have the same position on the opposite side of the eentre-line, or the 
)ccentric must be moved forwards an angle of 90^ — 2w, 
Cut-*ir Valve* 

The width of the cut off ports should be about d «■ fm » 1^ inch, and their 

a 80 
breadth ~ «■ 2vll "" ^^ inches, when two ports are used. 

Proportions of the Valve. 

a — 5 => e — d, a+d <= 6+c, and a = 2(2, and the stroke of the cutoff valve 
eccentric s =3 26, we shall have a = 2^^, b a 2^, e «■ 1^, e a 1|> and 
I = 44 inches. 

Let us assume the steam to be cut off at | » 2 of the stroke S^ the position of 
the crank-pin a' will then be sin.u =21 = 0*666, or u =» 700 80'; at the 1 
time the position of the centre cf of the cut off eccentric will be 

d+c_U+U 

and F= « —« = 70° 80' — 37° 60' = 32° 40^, the position of the centre c when 
the crank-pin a is on the centre. This Table will show the positions of the 
centre a and c, at different cut oSb. Letters correspond with Figure 1, Plate YL 



shia=m ^ «. t±^ =0-612, or* =. 37° W, 



Cutoff 

QJtl. 


V 


sin.v 


stroke of 
ecc€n»St 


M 


u 


i '• 


p. 


X 


22° 10' 


0-377 


26 


37° 60' 


60° 


0-6880 


0-260 




82° 40' 


0-539 


1 26 


37° 60' 


70° 30' 


0-6914 


0'333 


81° Sy 


0-627 


c-M 


43036' 


76° 30' 


0-7332 


0-376 


r 


42° 86' 


0-676 


h+e 


47026' 


90° 


08350 


0-600 


^ 


4flP80' 


0-7193 


, a+6-0 


68° 


104° 30' 


0-910 


0-625 




1 60680' 


0-7933 


a+b — o 


68° 80' 


109° 30' 


0-986 


0-666 



It will now be observed that the effectual pressure F in this Table is less 
than in the Table on page 239, owing to the valve not cutting off the steam 
instantly, but gradually, so that the density of the steam in the cylinder is 
already diminished at the cut q^ point. The valve will cut off quicker the less 
the angle z is. 

See Figure 2, Plate VIII. The actual pressure will not form a sharp comer at 
6, or follow the line «,«,«, ad would be due when cut off at i the stroke, but the 
line //'//will be the true diagram. Including the steam in the ports and 
>teamchest, the density at the end of the stroke will correspond nearly with the 
Table. 

^— 
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Blowino-ow. Salt WAXEfi. Saturatioi?. 



BLOWING-OFF. SALTWATER. SATURATION. 

Sea water contains about 003 its weight of salt. When salt wat«r boils, fresh 
water evaporates, and the salt remains in the boiler, consequently the propor- 
tion of salt increases as the water eyaporatef, until it has reached 0-36 weight 
to the water ; the salt will then commence to saturate in the boiler, and the 
water in solution will hold 0*36 weight of salt to 1 of water. 

To prevent this deposit in the boiler, it is necessary to keep the salt below 
this proportion, which is overcome by withdrawing (blow off) part of the quper- 
salted water, while less salted (feed water,) Wi:ter is replaced. It is found in 
practice that when the proportions are kept 0*12 of salt to 1 weight of water, 
the deposit will be very slight. To obtain this it will be necessary to blow dr 

-— as 0*25 parts of the feed water, or 

if a brine-pan^> is used, it should be at least 025 of the feed pump. 

#"= cubic feet of super-salted water to be blown off per minute. 
Z>, St n, and F, as before, we shall have, 
D^Sn 
^^ 3000F' 

RocanpU. 2) = 30 inches, stroke of piston 36 inches, cut off at half stnAe 
8=^ 18, making 14 revolutions per minute, with a pressure of 30 pounds per 
square inch, V = 610. How much water must be blown off per minute t 

30»X18X14 
3000X610 



W= 



= 0*124 cubic feet. 



Heat IVaated by Blowing^ Ofl; 

Letters denote. 

f = temperature of the feed water. 
Tss " " blowing off 

H =s heat wasted, per cent. 



w(990+T—t)' 

MBxampU. Let the quantity of water blown off be \ of the feed water, we ha^e 
W= 1, and to = 2, the boiling point of the water will then be 2*= 215*6o, let 
the feed water taken from the hot-well be « = 100°. Required the q.uaiitity of 
heat lost ? 

„ 1(215-6^ — 100) ^^^„ , ^ 

^ = 2l9k;2i6^6^r4) = ^^^2 or 6-2 per cent 

This is a very triflng quantity of heat lost. 



003 
006 
0-09 
012 
0-15 
018 
0-21 
0-24 
0-27 
0-30 
0-33 
0-30 



Boiling point 
T. 

213-20 

214-4 

215-5 

216-7 

217-9* 

219- 

220-2 

221-4 

2225 

223-7 

224-9 

226 



Water blown qff. 
percent. W. 

100 
50 
33-3 
2o 
20 
16-6 
14-3 
12-5 
111 
10-0 
9-07 



Heat losL 
per ant 

100 
10-35 
6-2 
3-5 
2-66 
214 
1-80 
1-66 
1-38 
1-23 
112 



Water saturates. 



Specif 
gramty. 

1-03 
1-06 
l-OO 
1-12 
1*15 
118 
V21 

1*27 
l-SO 
1-83 



Blowiko orr. Salt Water. Saturation. 
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Heat -wasted by Incrustatioiu 

The conducting power of iron for heat, is about 30 times that of S9.turat«(l 
scales, hence a considerable portion of heat is lost when the scales become thick 
in a boiler. 

( = thickness of the scale in 16th of an inch. 
H => heat wasted, in per cent 



J5r = 



«2+te 



Example. The tfcale in a boiler is 5 sixteenths of an inch thick. How much 
heat is lost by it! 



JJ = 



^j— =« 0-488 or 44 per cent, nearly, 



which goes out fhrongh the chimney. 

This is merely to show that the heat lost by blowing oflf is but trifling, com- 
pared with the heat lost by saturation of scales, which additionally injures the 
boiler by softening and fracturing the iron, and final explosions. 

When boilers are taken good care of by cleaning and blowing off at short 
intervals, the scales need not exceed 1 sixteenth of an inch. 



Xo Command tlie Bngineer hovr to ManoDnTre tlie ESngine 
I in a Steamboat; 



one stroke. 

two strokes. 

one stroke. 

two short. 

three short. 

one long, two short. 

two long, two short. 

one long, three short. 

two long, threG short. 

three short repeated. 



Go ahead - 


^ . - 


Back 


ii . 


Stop - 


i- . 


Slowly 


n 


FuU speed 


jji . 


Go ahead slowly 


m. 


1 

1 Back slowly - 


jjji 



Go ahead, full speed -i- -i-i-i 
Back&st- - JjJi3 



SOEKW PBOFKLUU. 



SCREW PROPELLERS, 

Plats X, is a drawing of a Screw-propeller with proportions thus far knovr n lo 
be the mont effective, particularly when the steani-eugine is applied direct to 
:ho propeller shaft ; its pitch is twice the diameter at the periphery, but con- 
tracts towards the centre; at the hub the pitcfi id lessened by the amount of 
»lip assumed. When the propeller is geared from the engine, the pitch is geu- 
»rally less in proportion to the diameter. 

p a X of the pitch at the periphery. 

j/'=a " " " hub. I 

s B the assumed slip in a fraction of p. 
Then j) =!>"+«• 
By these two pitches p and jt'', the helixes, acbaX the periphery and dc/ at 
the hub are constructed as fbr common screws. 

The actual pitch of the propeller at the centre of effort of the blades o is rep- 
resented by j/ at r ~ 0-725^ from the centre ; or the aotoal pitch » 4f/. 

Lettert DenoU, 

D = diameter, R = radius, extreme. 

L = length parallel with the centre-line. 

m s n..uiber of blades. 

b =» extreme breadth of the propeller blades oyer the edge, between the 
oorners e, «. 

e *» circle arc in the angle «. 

V =3 the projected angle of the blades, 
a = the projected area of the blades. 
A = the true inclined surface of the blades. 
O = acting area of the propeller. 
ITa horse-power required to drive the propeller n revolutions per minute. 

Foriuiiilas for Screw Propellers, 



~»-"^-/I,' ■ ■ 


- 1, 


P^ootWTtD. . 


- 2, 


Jr «■ , - - • 

V 


- 3, 




- 4, 


p ^ DL 


- 5, 


^ 360X 


- 6, 



i_ . /t>* a' Ih ,. » 
0-785Z>* r m 



a- 



360 



8. 



2 -5D' ,. 






BC'i^W •ip'T,;<'f)/ip> "i!t'.t.'r;irir f? /v„/J 
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Exampie 1. The diameter of a propeller is 10 feet 6 biches, and the angle 
If = 68" at the periphery. Required the pitch P= in feet ? 

P=» cot68®X3*UXlO-6 = 20-6 feet. 

Exam2i!e 2. The propeller on Plate YII. is of dimensloiis 1> «- 15 feet, £ » 6 
feet, W= 67° SC, the slip is 38 per cent: <aS^ O'SS. What power is required 
to drive it 40 revolutions per minute, H=st 

M^ ^^-(6X0-38Xoo8.67«> SV+O-ll^ = 609 horses, nearly. 

E3e€anpU 8. A Propeller of diameter I> = 12 feet, angle ir» 64P, and length 
X = 3 feet 6 inclies, is to be driven by a steam engine of 450 horses, the slip 
S = 0*28. How many revolutions will it make per minute, n » ? 



^^'/ ^^ =.61 revolutions 



12 V/ (3-5X0-28XC06-64O+0-11) 

per minute. 

Es^nation of TaJtiUt. 

Table I. is fat finding the pitch and acting area of propellers ; the column 
marked W contains the angle of the propeller blades, as marked on the 
drawing. 

To Find tlie Pitcb* 

RULE. Multiply the diameter of the propeller by the tabular coefficient in 
the pitch column opposite the given angle, and the product is the pitch of the 
propeller. 

■Example. The diameter of a propeller is 12 feet, the angle TTs 60° ; diameter 
of the hub 1*5 feet, and the angle w » 16°. 

C pitch at the periphery? 
Required the -l pitch at the hub I 

(pitdi at the centre of effort ? 

Pitch at the periphery = 12X1-814 = 21-768 feet 
« « hub = 1-5X10-97 = 16-456 feet. 

Let d and j> be diameter and pitch of the hub. 

P = jiitch at the centre of pressure. We shall have, 

iP-p) : (P —J)) = (!>-<«): (0-7261> — (0. 

, . 18.«5+('^-^«' - l«-g»_)f;^f X12 - 1-5) _ ^^ ^^ 

To Find tlie Aoting Area* 

^JLB. Multiply the square of the diameter of the propeller by the tabular 
coeflicient in the column O opposite the given angle, and the product Is the 
acting area of the propeller. 

ifP^^Sf^ The diameter of a propeller Z> «- 13 feet, 3 inches, and tlie 
*y *s 60°. Required the acting area ? 

O » 13-25«X0-679 » 110-2 square feet. 



170 



Tablb for PBOrEIUU. 







TABLE I. 






Table for flnding the Pitch and 


1 
Aotlns Area of | 






PropeUers* D = 1 


» 




Angle. 


Pitch. 


Act. Area 


Angle. 


Pitch. 


Act Area. 


W 


P 


O 


W 


P 





6« 


36- 


0-068 


470 


2-930 


0-573 


6 


30- 


0-082 


48 


2-828 


0-583 


7 


25-65 


0-095 


49 


2-730 


0-582 


8 


22-4 


0-109 


50 


2-635 


0-601 


9 


19-85 


0-123 


61 


2-546 


0*610 


10 


17-82 


0-136 


52 


2-455 


0-618 


11 


16-16 


0-150 


63 


2-370 


0-625 


12 


14-79 


0-163 


64 


2-283 


0-634 


13 


13-60 


0-176 


66 


2-200 


0-642 1 


14 


12-60 


0-190 


66 


2120 


0-650 


15 


1104 


0-203 


57 


2-040 


0-657 


16 


10-97 


0-217 


68 


1-963 


0-665 


17 


10-27 


0-229 


59 


1-888 


0-672 


18 


9-67 


0-242 


60 


1-814 


0-679 


19 


9-12 


0-255 


61 


1-740 


0-686 


20 


8-64 


0-268 


62 


1-670 


0-692 


21 


8-19 


0-281 


63 


1-600 


0-699 


22 


7-77 


0-294 


64 


1-530 


0-705 


23 


7-40 


0-306 


65 


1-465 


0-711 


24 


7-06 


0-319 


66 


1-400 


0-716 


25 


6-75 


0-331 


67 


1-333 


0-722 


26 


6-45 


0-344 


68 


1-270 


0-728 


27 


6-17 


0-356 


69 


1-205 


0-731 


28 


5-91 


0-368 


70 


1-142 


0-736 


29 


5-67 


0-380 


71 


1-114 


0-741 


30 


5-45 


0-392 


72 


1-021 


0-745 


31 


5-23 


0-404 


73 


0-960 


0-750 


32 


503 


0-415 


74 


0-900 


0-764 


33 


4'85 


0-427 


75 


0-842 


0-757 


34 


4-66 


0-439 


76 


0-783 


0-761 


35 


4-50 


0-450 


77 


0-725 


0-764 


36 


4-33 


0-461 


78 


0-668 


0-767 


37 


4-175 


0-472 


79 


0-611 


0-770 


38 


4-025 


0-483 


80 


0-555 


0-772 


39 


3-885 


0-494 


81 


0-498 


0-775 


40 


3-745 


0-504 


82 


0-442 


0-777 


41 


3-620 


0-615 


83 


0-386 


0-T7» 


42 


3-500 


0-523 


84 


0-331 


0-780 


43 


3-370 


0-535 


85 


0-275 


0-781 


44 


3-260 


0-545 


86 


0-220 


0-782 


45 


3-141 


0-555 


87 


0-165 , 
0-110 ' 


783 


46 


3-036 


0-564 


88 


0-784 
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TABLE n. 

nPable for flnding the Exponent and Coefficient of Vessels* 



FuU Lines. 


HoUow Lines. 


Exponent x. 


Coefficient k. 


Exponent x. Coefficient k. 


1 


0-000 


0-68 


1-71 


0*95 


0024 


0.67 


1-77 


0-90 


0-228 


0-66 


1-84 


0-88 


0-326 


0-65 


1-90 


0-86 


0-432 


0-64 


1-96 


0-84 


0-658 


0-63 


2-00 


0-82 


0-692 


0-62 


1-97 


0-8(> 


0-836 


0-61 


1-98 


0-79 


0-902 


0-60 


1-88 


0-78 


0-978 


0-59 


1-82 


0.77 


1-050 


0.58 


1-77 


0-76 


1-12 


0-67 


1-72 


0-76 


1-20 


0-56 


1-67 


0-74 


1-28 


0-55 


1-61 


0-73 


1-35 


0-54 


1-65 


072 


1-43 


0-53 


1-60 


0-71 


1-51 


0-62 


1-44 


0-70 


1-59 


0-51 


1«38 


0*69 


1-64 


0-60 


1-82 



Table for fli 


Blip. 


Act. Area, 


s* 


O 


p«r ceot 




6 


84-85 


6 


60-35 


7 


46-35 


8 


39-00 


9 


32-20 


10 


2700 


11 


22-07 


12 


19-80 


13 


17-32 


14 


15-20 


15 


13-52 


16 


12-00 


17 


10-82 


18 


9-715 


19 


8-820 


20 


8-000 


21 


7-282 


22 


6-700 


23 


6111 


24 


6-636 


25 


6-200 


1 26 


4-786 


1 27 


4-444 



TABLE m. 
the Slip and Acting Area* 



o = i. 



Slip. 


Act. Area. 


s. 


O 


percent 




28 


4-150 


29 


3-820 


30 


3-666 


31 


3-333 


32 


3-090 


33 


2-880 


34 


2-710 


35 


2-635 


36 


2-366 


37 


2-222 


38 


2-085 


39 


1-952 


40 


1-827 


41 


1-727 


42 


1-634 


43 


1-523 


44 


1-430 


46 


1-364 


46 


1-275 


47 


1-195 


48 


1127 


49 


1-068 


50 


l-OOO 



Slip. 



61 
52 
63 
54 
66 
66 
57 
68 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 



Act Area. 


Slip. 


o 


8* 




per wot 


0-927 


74 


0-888 


76 


0-840 


76 


0-784 


77 


0-737 


78 


0-697 


79 


0-656 


80 


0-611 


81 


0-581 


82 


0-646 


83 


0-511 


84 


0-479 


86 


0-455 


86 


0-422 


87 


0*394 


88 


.0-369 


89 


0-347 


90 


0-323 


91 


0-300 


92 



0-281 
0-263 
0-241 
)-225 



93 
94 
96 



Act Area. 
O 

0-208 
0-192 
0-177 
0-163 
0149 
0-137 
0-125 
0-113 
0-103 
0-092 
0-083 
0-074 
0-066 
0-058 
0-050 
0-046 
0-037 
0-031 
0-026 
0-021 
0-017 
0-012 
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STEAMSHIP PBRPOEMANGE. 

Letters denote, 

T= Displacement of the vessel in tons. 
JS"" greatest immersed section in square feet, 
(g) = area of resistance in square feet. 

/ = length of the vessel in feet, in the loadline. 

b = breadth of beam " " 

F= resistance of the vessel in pounds, including friction of the im 
mersed surface. 

k = coefficient, ir= exponent of the vessel. See Table II. preceding pagei 
12 = Actual horse power required to propel the vessel. 
Af= nautical miles or knots per hour. 

—m ' ''=*®^' - • - - » 



V 




, - . - «- 4 

Example 1. The U. S. steam Frigate Niagara is 
Z=328-9 feet long, ft=56 feet wide, greatest immersed 
section jS= 855 square feet, displacement 2'= 6000 tons. 
Required what horse power is necessary to propel 
her Jtf=10 knots per hour in smooth water. 

Exponent x = g^^^^ = 063 nearly, 

for which the coefficient in Table II. preceding page is *=2. From 
formulae 2 we have the area of resistance. 

= 8664 /^ - ^ =104 square feet. ' 

V 66H-2X328-»« 

i04yio' 
Actual power H = — ^ — * 1284 horses. 
01 

Example 2. A barge of Z= 166 feet long, 6=28 feet wide, 
f cross-section JSr=112 square feet, displacement T=410 tons. 
How many horses are required to draw the barge at a speed of M=% 
miles per hour in a canal *? 

Exponent x = ^**X^*^ = o-s. Coefficient ^=0-886. 
*^ 112X165 



Area of resistance ® = 112 \ / = 65-7 square feet. 

V 28»-H)-836X1669 

Tractive force F=«=4X66-7X2?=1060 pounds. Sea mUea 2=2*3 statute! 
miles. See page 123 for ability of a horse working d=^6 hours continual!^ 

F= = 7« pounds. 1 

2r3v/6 ^ I 

Number of horses 1060:73=14*36 or 15 horses are required to draw \M 

barge 2*3 statute miles per hour. J 

The mechanical horse power performed will be, 

H=«??><^= 6-5 horse.. 
81 

If the breadth of the canal is less than three times that of the barge I 
resistance will be more, and require more horses. 

For similar proportioned vessels the resistance is a function of JgT% 
and the horse power a itmction oiMM*. The displacement of a Tesael i| 

• 85 for salt water, and 86 for fresh water. 
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function of "the cube of any linear dimension of the same, and the greatest 
immersed section Jg[ a function of the square of any linear dimension of 
the displacement, consequently the 1^^ is a function of any linear di- 
dimension, and(^^^)2=^/r»is a function of Jff; therefore, the resist- 
ance is a function of M ^^^^, and the horse power a function of,M'^^'i ; 

7»1-JW8 

thus we arrive at what is known as Mr. Atherton>s formulse C= ''^ V- 

H 
about which so much controversy has existed in English Journals. 

The above formulas 1, 2, 3. and 4 will give the same result for similar 
vessels as that of Mr. Atherton's, and it will be found that they give dif- 
ferent coefficients for different proportions of vessel as seen by the two ex- 
amples where the quality of the performance is considered to be the same. 

Ea,.l. C = l!^««?^ = 228«nd Ex.2. C=^!:^*l?- = 68 ae coeffl. 
1284 6*6 

These coefficients are very small compared with that of Mr. Atherton's 
on account of the different estimate of horse power ; it can however in 
neither case be considered a measure of the quality of performance for 
dlflferent proportioned vessels ; neither can it be considered a measure of 
commercial value, because the commercial effect produced will be, 

Example I. ^^^^^^ =39. Example 2. ?'*^^— = 126 effects, 

^ 1284 6-6 ' 

which is quite the reverse of the coefficient. 

The following Table is calculated from the formulas 1, 2, 3, and 4, for dif- 
ferent sizes of vessels of similar proportions as that of Niagara. If those 
formulas are well understood it will be found that they trace a line of 
justice between the Engineer and ship builder, that when the perform- 
ance is known it shows from where the fame or blame is due. 

River steamers of light draft and flat bottom requires more power for 
the same sharpness oflines, as will be found by the formulas. 
To Approximate the size of Steam Engines. 

Example 3. It is required to build a river steamer of displacenent 
T=1000 tons, to run Jlf=16 nautical miles per hour. Required the size 
of the cylinder for an ordinary overbeam engine? From the table of 
steamship performance will be found the required actual power H=1798 
horses. 

From the table of Nominal horse power select the approximate size of 
cylinder which may be D=88 inches, diameter of cylinder by S=14 feet 
stroke, which answers to H:^1866 horses nominal. In this case the nomi- 
nal horse power can be considered the same as the actual. 

Ecjample 4. A propeller steamer is to run M= 10 nautical miles per hour, 
with a displacement T=3400 tons. Required the size of the cylinders 1 

From table of steamship performance if=992 horses, to be divided into 
two cylinders of 496 each. Select from table of Nominal horse power 
D^60 inches diameter of cylinders and S=2 9' stroke of piston, which 
answers to ir=604, or 604X2=1008 horses of the two cylinders. After 
these approximations are made, make a careful calculation from the 
original formulas. 

Example 6. Suppose the propeller for the steamer in the preceding ex- 
ample 4 makes 71^60 revolutions per minute. Required the diameter of 
the propeller shaft? See Table, page 176 for wrought iron shafts, for 500 
horses and 60 revolutions, the shaft should be 10-1 inches. Multiply this 
by the cuberoot of 2, or 10-lXl*26=12-926, say 13 inches the diameter 
required. 

Example 6. A steamer of r=2500 tons is to run M=9 nautical miles per 
hour with an indicated steam pressure of 20 lbs., or P=36 lbs. per square 
inch, expanded 4. Required the consumption of fuel in tons per 24hoiu's 1 

Table of steamship performance H^686 horses. 

Table V., page 258 consumption of fuel, 3-44 tons. 

The reqiiired consumption will be 6-86X8-44=20'124 tons per 24 hours, 
steaming. 

S 
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Steamship Per form avcs. 







Nautical Miles or 


Knots per Uonr. 




Olapiace 
meat. 


5 


6 


7 


8 


• 


10 


11 


1 ia_ 


T 


U 


U 


H~ 


U 


H 


H 


H 


H 


100 


11-8 


19-4 


32-4 


48-4 


68-5 


94-5 


126 


168 


200 


18-8 


32-5 


51-5 


76-9 


110 


150 


200 


260 


300 


24-5 


42-4 


67-5 


160 


142 


196 


262 


340 


400 


29-8 


51-4 


81-7 


122 


172 


238 


317 


412 


500 


34-6 


59-6 


94-3 


141 


200 


276 


368 


478 


600 


39-0 


67-2 


107 


160 


226 


313 


415 


540 


700 


43-3 


74-6 


119 


177 


250 


377 


460 


599 


800 


47-3 


81-6 


130 


194 


274 


378 


503 


654 


900 


51-1 


88-1 


140 


210 


296 


409 


545 


708 


1000 


64-9 


94-6 


150 


225 


318 


439 


585 


759 


1100 


68-4 


100 


160 


239 


338 


467 


622 


806 


1:800 


62-0 


107 


170 


254 


359 


495 


660 


858 


1300 


65-3 


112 


179 


267 


378 


523 


696 


903 


1400 


68-7 


119 


189 


281 


398 


549 


732 


950 


1500 


71-9 


124 


197 


295 


417 


575 


766 


995 


1600 


750 


130 


206 


307 


435 


600 


800 


1038 


1700 


78-1 


135 


215 


320 


453 


625 


833 


1083 


1800 


81-2 


140 


224 


332 


470 


649 


864 


1123 


1900 


84-2 


145 


231 


345 


488 


673 


897 


1166 


2000 


87-0 


150 


239 


356 


504 


696 


927 


1205 


;3ioo 


90-0 


155 


247 


369 


521 


720 


958 


1247 


2200 


92-r 


160 


255 


380 


537 


741 


988 


1284 


2300 


95-6 


165 


262 


391 


'554 


764 


1017 


1324 


2400 


98-4 


170 


270 


402 


569 


786 


1047 


1360 


2500 


101 


174 


277 


414 


585 


808 


1077 


1400 


2600 


104 


179 


285 


424 


600 


828 


1102 


1435 


2700 


106 


184 


292 


436 


616 


850 


1131 


1473 


2800 


109 


188 


299 


446 


631 


871 


1160 


1508 


2900 


111 


192 


306 


457 


646 


893 


1189 


1545 


3000 


U4 


197 


313 


467 


660 


913 


1215 


1582 


3100 


117 


201 


320 


478 


676 


933 


1242 


1614 


3200 


119 


205 


327 


488 


690 


952 


1268 


1648 


3300 


121 


209 


334 


498 


704 


972 


1296 


1683 


3400 


124 


214 


340 


508 


718 


992 


1320 


1717 


3500 


127 


218 


347 


618 


733 


1010 


1347 


1750 


3600 


129 


222 


354 


528 


746 


1025 


1373 


1783 


3700 


131 


226 


360 


53*8 


759 


1049 


1398 


1815 


3800 


133 


230 


367 


548 


774 


1070 


1422 


1848 


3900 


135 


234 


373 


558 


787 


1087 


1446 


1880 


4000 


138 


238 


380 


567 


801 


1105 


1473 


1911 


4100 


140 


242 


386 


577 


814 


1122 


1497 


1944 


4200 


142 


246 


392 


586 


827 


1141 


1520 


1075 


4300 


145 


250 


398 


595 


840 


1160 


1545 


2008 


4400 


147 


254 


404 


604 


853 


1179 


1568 


2037 


4500 


150 


258 


410 


613 


866 


1198 


1593 


2070 


4600 


152 


261 


416 


622 


879 


1216 


1614 


2100 


4800 


156 


270 


428 


640 


904 


1248 


1663 


2160 


5000 


160 


277 


440 


658 


929 


1282 


1708 


2220 


5500 


171 


295 


469 


700 


990 


1367 


1822 


2365 


6000 


181 


303 


497 


742 


1050 


1448 


1930 


2507 
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Nantical Miles or Knots per llon^r 


. 




Displace, 
ment. 


13 


14 
H 


15 


16 


17 


18 


19 
H 


20 


T 


H 


H 


H 


H 


H 


lOO 


207 


269 


318 


387 


464 


561 


648 


756 


;3O0 


329 


412 


506 


615 


737 


875 


1027 


1201 


300 


432 


540 


662 


806 


966 


1146 


1347 


1573 


400 


622 


654 


803 


976 


1170 


1402 


1632 


1907 


5O0 


607 


759 


932 


1131 


1358 


1611 


1896 


2213 


6O0 


684 


856 


1036 


1280 


1532 


1820 


2140 


2500 


TOO 


759 


938 


1166 


1417 


1700 


2016 


2373 


2770 


SOO 


830 


1038 


1274 


1548 


1857 


2206 


2593 


3026 


9O0 


898 


1123 


1380 


1675 


2009 


2385 


2803 


3274 


lOOO 


963 


1206 


1480 


1798 


2157 


2660 


3008 


3614 


llOO 


1024 


1284 


1574 


1913 


2295 


2723 


3203 


3736 


1J200 


1090 


1360 


1670 


2030 


2435 


2890 


340(r 


3967 


13O0 


1147 


1432 


1758 


2136 


2564 


3043 


3576 


4178 


1400 


1204 


1508 


1850 


2248 


2697 


3200 


3762 


4394 


isob 


1264 


1580 


1938 


2356 


2825 


3352 


3943 


4605 


1600 


1317 


1648 


2020 


2458 


2948 


3500 


4113 


4803 


17O0 


1374 


1718 


2107 


2661 


3072 


3646 


4286 


5006 


18O0 


1422 


1784 


2188 


2660 


3190 


3785 


4448 


6195 


19O0 


1479 


1860 


2270 


2760 


3310 


3928 


4616 


6390 


2OO0 


1527 


1913 


2345 


2854 


3420 


4060 


4770 


6570 


;3ioo 


1582 


1979 


2Zi2 


2948 


3535 


4195 


4935 


6762 


22O0 


1628 


2037 


2500 


3038 


3642 


4325 


5084 


6935 


2300 


1680 


2102 


2578 


3134 


3765 


4460 


5241 


6120 


2400 


1723 


2160 


2646 


3220 


3860 


4580 


5386 


6290 


2SOO 


1777 


2222 


2725 


3313 


3970 


4715 


5542 


6470 


2600 


1820 


2280 


2796 


3400 


4075 


4835 


6655 


6637 


27O0 


1870 


2338 


2868 


3486 


4180 


4960 


5832 


6813 


2&O0 


1911 


2395 


2935 


3568 


4280 


5076 


5970 


6970 


2900 


1960 


2452 


3010 


3665 


4385 


5200 


6115 


7142 


3OO0 


2000 


2508 


3075 


3740 


4485 


5318 


6256 


7300 


3100 


2048 


2565 


3145 


3822 


4685 


5440 


6394 


7470 


3200 


2092 


2616 


3210 


3906 


4680 


5660 


6525 


7622 


33O0 


2134 


2671 


3280 


3985 


4775 


6670 


6666 


7781 


34O0 


2178 


2725 


3343 


4063 


4870 


6784 


6784 


7936 


35O0 


2220 


2779 


3408 


4143 


4965 


5893 


6936 


8090 


3dO0 


2264 


2830 


3475 


4222 


5060 


6010 


7061 


8250 


3700 


2303 


2881 


3534 


4300 


5165 


6115 


7184 


8400 


3800 


2348 


2941 


3606 


4385 


5260 


6238 


7333 


8663 


39O0 


2385 


2986 


3660 


4453 


5340 


6336 


7444 


8695 


4OO0 


2427 


3038 


3725 


4530 


6430 


6444 


7580 


8847 


4100 


2468 


3086 


3785 


4610 


5620 


6660 


7700 


8988 


4200 


2507 


3137 


3850 


4680 


5610 


6655 


7830 


9141 


4300 


2546 


3186 


3910 


4750 


5700 


6761 


7950 


9285 


4400 


2585 


3238 


3970 


4825 


5790 


6865 


8072 


9432 


4500 


2624 


3286 


4025 


4900 


6875 


6970 


8195 


9672 


4600 


2664 


3333 


4087 


4970 


5960 


7070 


8320 


9710 


4800 


2740 


3431 


4202 


5113 


6130 


7275 


8566 


9990 


5000 


2817 


3525 


4321 


6253 


6300 


7475 


8792 


10250 


5500 


3000 


3755 


4608 


6600 


6715 


7972 


9370 


10963 


6000 


3180 


3981 


4880 


6935 


7120 


8446 


9936 


11586 
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Steam-boiler Bxploslons. 

The steam-boiler is a reservoir of work. Each unit of heat in the Bteam as 
water is equivalent to a work of 772 footpounds. 

The steam-table gives the units of heat per cubic foot, or per pound, in ti 
steam and water at different temperatures and pressures. "Work is the prodiK 
of the three simple elements force F, velocity F, and time T, or iC = FY\ 

when the force of the work will be jP = -jp-;^. When the pressure in any p« 

of a steam-boiler is suddenly removed, the entire work in the steam and wate 
is at the same time started with a velocity proportionate to the removed pm 
sure. The steam and water, in the form of a foam, strike the sides of the boilrf 
by which the work is suddenly arrested. If the time of arresting the works 
infinitely small, we see from the above formula that the force of the work will 
be infinitely great, and thus the boiler explodes. 

Steam-boiler explosions are caused in various ways, namely : 

Ist. By long use boilers become corroded and, from neglect, give way in sodh 
unexpected place. 

2d. The general construction with staying and bracing of steam-boilers is 
often very carelessly executed and results in explosion. This kind of exploaoa 
is often indicated, long before the accident occurs, by leakage of the boiler, 
when the engineer, not suspecting the approaching danger, limits its remedis 
generally to efforts to stop the leak. The leakage from bad calking, or pack- 
ing, is easily distinguished from that of bad or insufficient bracing. In tti* 
latter case the fire ought to be hauled out, the steam blown off, and the boiJer 
secured with proper bracing. 

3d. Explosion is sometimes caused from low water in the boiler, hut inor» 
rarely than generally supposed. When the fire-crown and tubes, subjected to a 
strong heat and not covered with water, the steam does not absorb the hea! 
fast enough to prevent the iron from becoming so hot that it cannot with8taii<l 
the pressure, but collapses from weakness. 

4th. Steam-boilers often burst by strain in uneven expansion or shrinkago. 
occasioned by the fire being too quickly lighted or extinguished. 

5th. It is a very bad practice to make boiler-ends of cast-iron, composed of % 
flat disc of from two to three inches tliick, with a flange of from one to twc 
inches thick, with cast rivet-holes. The fii-st shrinkage in the cooling of such a 
plate causes a great strain, which is increased by riveting the boiler to it. Any 
sudden change of temperature, therefore, either in starting or putting out thti 
fire, might crack the plate and thus occasion an explosion. Such accident nuy 
be avoided by making the cast-iron ends concave and of even thickness. 

6th. In cold weather, when the boilers have been at rest for some time, ihty 
may be frozen full of ice : then, when fire is made in them, some parts are suti" 
denly heated and expand, whilst other parts still remain cold, causing an undiin 
strain, which may also burst the boilers. Such accident can be avoided by a 
slow and cautious firing. 

7th. Sometimes a great many boilers are joined together by solid connectioDs 
of cast-iron steam-pipes, which expand when heated, whilst the masonry en- 
closing the boilers contracts. Should such a steam-pipe burst from expansion 
or shrinkage, explosion will likely follow in all the connected boilers, of which 
numerous examples have occurred. Such accident may be avoided by makint; 
the connection elastic, or free to expand or contract without moving the b<nler^. 

Steam-boiler explosion is thus not always caused by the pressure of steam 
alone, but often by the expansion and contraction of the materials of the boiler. 
A steam-boiler which is perfectly safe with a working pressure of 200 lbs. may 
explode with a pressure of 20 lbs. to the square inch. 

The bursting of a boiler is a preliminary process to explosion. A boiler may 
burst without exploding. A b(»iler full of steam may burst, but never explode 
It is the work in the heated water which makes the explosion. 

The Harrison Globular Steam-l)oileris the safest in existence from explosion. 
The globes, about 8 inches outside diameter, are tested with a pressure of Bonn* 
400 lbs, to the sq. in., the bursting pressure being at least 1000 lbs. 1\» peculiar 
construction admits of suflBcient elasticity for expansion and contraction- 
Should one of the globes burst, the steam and water will then be gradaalh 
discharged without explosion. The numerous advantages of this boiler desert 
general attention. {Seepage 227.) 



Destructivb Work op Steam-boiler Explosion. 21 

I>estructiT-e IVork of Steam-boiler Bxploslon. 

When a steam-boiler explosion takes place, the enclosed water is resolved 
into one volume of boiling hot water, and one volume of steam, as follows : — 

KotaHon of letters prior to explosum. 
TF'= weight in pounds of the water under full steam pressure in the boiler, 

ti/= pounds of water evaporated in the explosion. 

h = units of heat per pound in the water W\ 
H = units of heat per pound in the steam of pressure 2*. 
If'= units of heat per cubic foot in the steam P 
J* = pressure of steam in pounds per sq. in. 
V = volume coeflBcieut of steam. 

Then ^^ Tr^g(fe~180>9 ) 1 

824-8 
The destructive work J? will be in footpounds. 

K = ^^-^{h - 180-9XF- 1)(2-3 log.P- 1-6848298). 

The number which expresses the destructive work of an ordinary steam- 
boiler explosion in footpounds is so large as to be inconceivable to the mind ; 
for which it is proposed to express explosions by a larger unit, as workmandays, 
of 1980000 footpounds each, or 2564-75 units of heat. (See page 152.) 

The workmandays of explosion will be 

W'HPjh — 180-9)(F— 1X2-3 log.P— 1-6848298) 3 

11341440 H' V 

Example.— In the explosion at CORNELIUS & BAKER'S, Philadelphia, April 
25,1864, the boilers contained about TT' = 14750 lbs. of water; the steam- 
pressure P= 80 lbs., H= 1177-05, W = 223-82, F= 328-08, and A = 282-78. 
Required the workmandays of the explosion. 

^ 14750 X 1177-05 X 80(282-78 — 180-9X328-08— 1X2-3 X log.80— 1-6848298) _ 
11311440 X 223-82 X 328-08 ~ 

149-63 workmandays; or 150 men in one day could do the work of the explosion. 
The destructiveness of an explosion is thus proportioned to the quantity of 
water and units of heat in the boiler. The steam in a boiler, prior to the ex- 
plosion, does very little or no damage in the explosion. The work concentrated 
in a given volume of steam expanded into the atmosphere is 

K=CW (0-1518 log.P — 0-1771987). 4 

C = cubic leet of steam in the boiler. 



Properties of "Water, from 33^^ to 212° Fali.'s Scale. 

The following table was calculated by the author whilst stationed in the Bu- 
reau of Steam Engineering, Washington, under the direction of Chief-Engineer 
Isherwood. The columns h' and t have been added to the table for this Pocket- 
Book. 

Column T contains the temperature of the water. 

Column V contains the volume of the water at temp. 7°, deduced from Kopp's 
experiments, and calculated from formula 4, page 248. 

Column w contains the corresponding weight per cubic foot in pounds. That 
at 62° is 62-321059 lbs., as determined by Captain Karter for the British 
Government. 

Column c contains the fractional cubic foot per pound. 

Column hf contains the units of heat per cubic foot from 32° to r°. 

Column h contains the units of heat per pound calculated from formula 3, 
page 248. 

Column t contains corresponding temp. Celsius' scale. 
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Temp. 


Volume 


Units of heat. 


Pounds 


Cubic ft 


Fahr. 


latSOO 


pr. lb. 


pr. cub. ft. 


pr. cub. ft. 


pr. lb. 


r° 


V 


h 


h' 


VJ 


c 


82 


1-000109 


OK)00000000 


0-00000 


62.387 


0K)1603046 


33 


1-000077 


1-000000867 


62-383 


62-383 


001602994 


34 


1-000055. 


2-000000645 


124-77 


62-384 


0-01602956 


35 


1-000036 


3-00001609 


187-16 


62-385871 


0-01602927 


36 


1-000020 


4-00003468 


249-55 


62-386791 


0-01602904 


37 


1-000009 


5-00006294 


311-99 


62-387493 


0-01602886 


38 


1-000002 


eiKK)10241 


374-33 


62-387930 


0-01602874 


39 


1-000000 


7-00016465 


436-72 


62-388056 


0-01602871 


40 


1-000002 


8-00022076 


499-12 


62-387930 


0-01602874 


41 


1-000009 


9-00030234 


661-51 


62-387493 


0-01602886 


42 


1-000019 


10-00040056 


623-89 


62-386869 


001602902 


43 


1-000034 


11-00051663 


686-28 


62-385933 


0-01602926 


44 


1-000053 


12-00065175 


748-66 


62-»j84748 


0-01602956 


45 


1-000077 


13-00080704 


811-03 


62-383251 


0-01602994 


46 


1-000104 


14-00098362 


873-40 


62-381567 


001603038 


47 


1-000136 


16-001526 


935-70 


62-379571 


0-01603088 


48 


1-000171 


16-0014050 


997-77 


62-377388 


0-01603146 


49 


1-000211 


17-0016518 


1060-0 


62-374893 


0-01603210 


60 


1-000254 


18-0019242 


1122-8 


62-372212 


0-01603278 


51 


1-000302 


19-0022230 


11861 


62-369219 


0-01603366 


52 


1-000363 


20-0025493 


1248-0 


62-366039 


0K)1603437 


63 


1-000408 


21-0029241 


1310-1 


62-362611 


0-01603625 


54 


1-000468 


22-0032880 


1372-3 


62-358871 


0-016036-21 


55 


1-000631 


23-0037024 


1434-3 


62-364944 


0-01603723 


66 


1-000597 


24-0041479 


1496-4 


62-350831 


0-01603828 


57 


1000668 


25-0046256 


1568-6 


62-346407 


001603942 


58 


1-000740 


26-0051362 


16-20-9 


62-341921 


0-01604057 


59 


1-000819 


27-0066808 


1683-2 


62-337000 


0-01604184 


60 


1-000901 


28-0062600 


1746-6 


62-331893 


0-01604316 


61 


1-000986 




1807-8 


62-326620 


0-01604451 


62 


1-001075 


30-0075263 


1870-1 


. 62-321059 
62-315333 


0-01604694 


63 


1-001167 


31-0082149 


1932-4 


0-01604741 


64 


1001262 


3-2-0089416 


19944 


62-309420 


0-01604894 


65 


1-001362 


33-0097073 


2056-6 


62-303198 


0-01606054 


66 


1-001464 


34010513 


2118-7 


62-296852 


001605218 


67 


1-001670 


35011369 


2180-8 


62-290259 


0-01605388 


68 


1-001680 


36-012246 


2242-9 


62-283418 


0-01605564 


69 


1-001793 


37013175 


2306-0 


62-276293 


0-01605748 


70 


1-001909 


38-014148 


2367-1 


62-269183 


0K)1605921 


71 


1-002028 


39-015164 


2429-2 


62-261788 


0-01606122 


72 


1-002151 


40-016224 


2491-2 


62-254146 


0-01606318 


73 


1-002277 


41-017330 


2553-2 


62-2463-20 


0-01606521 


74 


1-002406 


42-018482 


2616-2 


62-238309 


0-01606728 


75 


1-002539 


43019680 


2677-1 


62-230052 


0-01606M1 


76 


1-002675 


44-020926 


2739-2 


62-221612 


0-01607168 


77 


1-002814 


45-0222^ 


2801-0 


62-212987 


0^)1607382 


78 


1002956 


46-023563 


2862-8 


62-204179 


0-01607610 


79 


1-003101 


47-024956 


2924-6 


62195187 


0-01607841 


80 


1-003249 


48-026398 


2985-4 


62-186012 


0-01608078 


81 


1-003400 


49-027893 


3048-2 


62-176664 


0-01608321 


82 


1-003654 


50-0-29438 


31110 


62-107113 


0-01608567 


83 


1-003711 


51-031039 


3172-8 


62167388 


0-01608820 


84 


1-003872 


52-032688 


3234-4 


62-147420 


0-01609077 


85 


1-004035 


63034394 


3296.2 


62-137330 


0-01609338 


86 


1004199 


64-036164 


3358-2 


62-127182 


0-01609601 


87 


1004370 


56037969 


3418-7 


62-116605 


0-01609875 


88 


1*004542 


66-039841 


3480-4 


62-105969 


0-01610151 


89 


1-004717 


57-041769 


3542-1 


62-096152 


0-0161W32 


90 


1-004894 


58-043754 


3003-8 


62-0842U 


0-01610715 
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Temp. 


Volume 


Units of heat. 


Pounds 


Cubic ft. 


Temp. 


Fahr. 


lat39° 


pr. lb. 


pr. cub. ft. 


pr. cub. ft. 


pr. lb. 


Celsius. 


fjpo 


V 


.h 


h' 


w 


c 


t 


91 


1-005094 


69-0 '.5797 


86650 


62-071860 


0-01611036 


32-777 


02 


1-005258 


60-047899 


3726-6 


62-061734 


0-01611298 


33-333 


9S 


1005444 


61-050061 


3788-2 


62-050252 


0-01611597 


83-888 


94 


1-005633 


62-052282 


3849-8 


62-038591 


0-01611900 


34-444 


95 


1-005825 


63054564 


8911-2 


62^)26749 


0-01612208 


35-000 


96 


1-006019 


64-056907 


3972-6 


62-014787 


0-01612619 


35-555 


97 


1-006216 


65-059312 


4033-9 


62-002646 


0-01612834 


36-111 


98 


1006415 


66061780 


4096-2 


6X-990386 


0-01613163 


36-666 


99 


1-006618 


67-064311 


4156-5 


61*977885 


0-01613478 


37-222 


100 


1-006822 


68-066006 


4217-7 


61-965S22 


0-01613806 


37-777 


101 


1-007030 


69-060565 


4278-9 


61-952528 


0-01614140 


38-333 


102 


1-007240 


70-072290 


4340-1 


61-939612 


0-01614475 


38-888 


i03 


1-007553 


71-075080 


4401-3 


61-920370 


0-01614977 


39-444 


104 


1-007668 


72-077937 


4462-5 


61-913303 


0-01615161 


40-000 


105 


1-007905 


73-080861 


46230 


61-898745 


0-01615641 


40-655 


106 


1-008106 


74-083852 


4585-0 


61*886403 


0-01615863 


41111 


107 


1-008328 


75-086912 


4645-9 


61-872778 


0-01616220 


41-666 


108 


1-008554 


76090044 


4706-8 


61-868913 


0-01616681 


42-222 


109 


1-008781 


77-093239 


4767-7 


61-844994 


0-01616946 


42-777 


110 


1-009032 


78*096509 


4828-6 


61-829609 


0-01617348 


43-383 


111 


1009244 


79-099846 


4889-5 


61-816622 


0-01617677 


43-888 


112 


1-009479 


80-103255 


4960-4 


61-802231 


0-01618064 


44-444 


113 


1-009718 


81-10674 


6011-3 


61-787602 


0-01618447 


45-000 


114 


1-009956 


82-11029 


5072-2 


61-773042 


0-01618829 


45-555 


115 


1010197 


83-11392 


61330 


61-768305 


0-01619216 


46111 


116 


1-010442 


84-11762 


6193-7 


61-743331 


0-01619608 


46-666 


117 


1010688 


85-12140 


6264-8 


61-728302 


0-01620003 


47-222 


118 


1010938 


86-12525 


6314-9 


61-713037 


0-01620403 


47-777 


119 


1011189 


87-12918 


6375-5 


61-697719 


0-01620806 


48-333 


120 


1011442 


88-18318 


6436-1 


61-682286 


0-01621211 


48-888 


121 


1-011698 


89-13726 


5496-6 


61-666678 


0-01621621 


49-444 


122 


1011956 


90-14141 


66671 


61-650956 


0-01622034 


50-000 


123 


1*012216 


91-14565 


6617-6 


61-635128 


0-01622451 


60-565 


124 


1-012478 


92-14996 


6678-1 


61-619170 


0-01622871 


61-111 


125 


1012743 


93-16435 


6738-6 


61-603047 


0-01623296 


81-666 


126 


1-013010 


94-15882 


6798-9 


61-586810 


0-01623724 


62222 


127 


1013278 


9516338 


6859-2 


61-580616 


0-01624153 


52-777 


128 


1013550 


96-16801 


6919-5 


61-553998 


0-01624590 


53-333 


129 


1-013823 


97-17272 


6979-7 


61-537423 


0-01626027 


53-888 


130 


1-014098 


98-17752 


60400 


61-520736 


0-01626468 


54-444 


131 


1-014358 


99-18239 


6100-2 


61-604966 


0-01625884 


66-000 


135 


1-015505 


103-20274 


6340-3 


61-435497 


001627724 


67-222 


140 


1-016962 


108-23009 


6639-6 


61-347282 


0-01630064 


60-000 


145 


1-018468 


113-25965 


6937-9 


61-256765 


001632473 


62777 


150 


1-020021 


118-29147 


7215-1 


61-163500 


0-01634961 


65-555 


155 


1-021619 


123-32562 


7531-2 


61-067829 


0-01637523 


68-333 


160 


1023262 


128-36217 


7826-2 


60-969776 


0-016«)156 


71-111 


165 


1-024947 


133-40119 


8098^1 


60-869542 


0-01W2857 


73-888 


170 


1-026672 


138-44273 


8412-8 


60-767270 


0-01645623 


76666 


175 


1-028438 


143-48687 


8704-2 


60-662047 


0-01648477 


79-444 


180 


1-030242 


148-53666 


8994-9 


60-556699 


0-01651345 


82-222 


185 


1-032083 


153-58316 


9281-9 


60-448679 


0-01654296 


85-000 


190 


1-033960 


168-63545 


9571-6 


60-338944 


001657305 


87-777 


195 


1-035873 


163-69057 


9858-5 


60-227513 


001660370 


90-565 


200 


1-037819 


168-74858 


10318 


60-114581 


0-01668489 


93-333 


205 


1-039798 


173-80956 


10428 


60-000168 


0-01666662 


96-111 • 


210 


1-041800 


178-87356 


10712 


59*884350 


0-01679885 


98-888 


212 

1 


1042622 


180-90000 


18824 


59-837664 


0-01671160 


100-000 
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STEAM BOILERS. 



Tho accompanying proportions are averages of a great number of good 
marine boilers. 

LeUers denote. 

D = diameter of the steam-cylinder in inches. 

S = stroke of piston under which steam is fully admitted, in inches. 

n = number of double strokes, or revolutions per minute. 

to =s pounds of water evaporated per pound of coal, per hour. 

V= volum coefficient from the steam table. 

t^=l =a fire grate in square feet, for each cylinder, and with natural draft 

To Find tlie Area of Fire Grate* 

^"4-66^ ""^ ]>S ' " ■ • • ^'^- 

Examj^ 1. A steam engine of 2> = 64 inches diameter of the cylinder, and 
stroke of piston 96 inches, cut off at i, ;S=48 inches ; is to make 22 revolutloiu ' 
per minute. Anthracite coal to be used, that evaporates to = 7 pounds of 
water per pound of coal, and to carry 27 p ounds of steam per square inch, 
F-s 649. Required the area of fire grate C=3 = ? in square feet. i 



,_64»X48X22 .AK^iA 4r 4. 

* — ~- = 145*34 square feet. 

4-66X7X649 «h «* « «« 



Eacample 2, A steamboiler of r==i = 128 square feet, is to be used for an 
engine of 2> = 36 inches diameter, and 64 inches stroke,— cut off the steam at 
f then S = 42-66 inches. Steam pressure to be kept at 26 pounds per square 
inch F= 679. to = 66. Required for how many revolutions per minutes can 
the steam be kept at 26 pounds ? 

4-66X6-5X679X128 .- « , ^. 
« 36'X42-66 = *^^ revolutions. 

Horse Power of tlie Fire Grate, 

JJsss horse power of the fire grate. 

P a pressure in the boiler in pounds per square inch, excluding the 

atmosphere. 
i>M Tftoanm in th<* condensor in pounds per square inch. 

•=" rw{F+0.»p)' X 

' } the stroke, ae = 27700. saves 56 
I „ „ » = 31400. „ 49 
i„ „ a; = 38400. „ 38 
f „ „ a; = 45500. „ 26 
i „ „ a; = 49100. „ 20, 
Steam admitted throughout the stroke x = 61700. „ per cent 

Example 3. Steamboilers are to be constructed for an engine of 650 horses, 
the steam to be cut off at i the stroke, and P == 36 pounds per square inch, 
F= 544, to = 7*5 pounds of water evaporated per pound of coal. Required the 
fire grate in the boilers l=l a ? in square feet. i 

* .^ 650X38400 „„ . , I 

^ " 554 X 7.5 (36 + 0.8 X 11) - ^^ '"J™'" »^ | 



Cut off the 
steam at 



percent 
of fuel. 
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KxampU 4, Required the horse-power of a fire grate 1^3 = 112 square feet, 
to caxrv 18 pounds steam, and cut off at f the stroke ? V = 810, w = l pounds. 

^^112X18X810X7_251.2 horses. 
45500 

Consumption of Coal* 

C =3 coal consumed in pounds per hour. 

,^3^1S» ^ UHx ..56. 

wV Fw(P+0-8p) ' 

Examj]lt 5 A steam engine of 2> = 42 inches diameter, and 48 inches stroico, 
cut off the steam B.t i S — 16 inches, is to make n = 65 revolutions per minute 
with a preRsure of 34 pounds per square inch, r= 564, and w = 6 pounds. Re- 
quired the consumption of coal in pounds per hour (7=7 

^ 3X42»X16X65 ,^0;^ a x. 

C7=. — — 7^z7=-r, = 1625 pounds per hour. 

6X564 

Example 6. A pair of steam engines of H — 260 horses are to be worked with 
jP = 28 pounds per square inch, cut off at f the stroke, F= 635, the coal to 
evaporate w = 6*5 pounds of water per pound of coal. Required the consump- 
tion of coal in pounds per hour C7 = ? 

^ 14X260X31400 hh;- . i 

C = ^ = 775 pounds per hour. 

630X6.5(28+0.8X10) 

It will he observed in the formulas 4 and 6, that the higher steam used, the 
less fuel and firo grate is required for the same power, — the proportion of fuel 
will be nearly as the square root of the steam pressure ; and utill more fuel is 
saved by cutting off the steam at an early part of the stroke. 

Fire Surface* 

1. In the common single returning flue boilers, the w hole amount of fire 
surface from the grate to the water line should be about 25 ■ — i . 

2. In flue and returning tubular boilers the whole amount of fire surface 
30^=1. 

3. Boilers with vertical flues, (2 inches diameter,) fire outside and water in- 
side, fire surface 35 ■ % 

Area of iniuea* (Calorimeter.) 

In the com mon s ingle returning flue boilers, the area of the first row should 
be about 0.18 r=l . 
Returning row, (flue or tube) 0.18 ^=3 
Area of chimneys 0.16 E3« 

Height of Chimney. 

(7-2131/2+^. h- j^^-2. 

4 F=^ * 
MxampU, Required the height of a chimney for the consumption of 16 
lbs. of coal per square foot of grate. , 

height, h ^ __l|lj— 2=54 feet. 



Fuel akd Iron Tubes. 



Properties of Fuel. 



Kind of PueL 



Bituminous coal, - - - . 7 to 9 80 265 

Anthracite coal, 8 to 10 92 282 

Coke, 8 to 10 86 245 

Coke, nat Virginia, - - - - 8 to 9 80 260 

Coke Cumberland, - - - . 8 to 10 80 250 

Charcoal, 6 to 6 96 266 

Dry wood, ....... 4 to 6 44 147 

Wood with 20 per ct. water, . 4 84 115 

Turf dry, 6 61 166 

Turf 20 per ct. water, ... 5 40 132 

Illuminating gas, ..... 13*8 194 

Oil, Wax, Tallow, .... 14 77 200 

Alcohol (from market.) . . . 9*66 68 164 

Ohemically one pound of carbon burnt to carbonic acid requires the 
oxygen of 153 cubic feet of atmospheric air. 



|e « <» 
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If 



50 


44 1 


64 


40 


31 


72 


48 


48 


32 


70 


24 


104 


20 


100 


26 


100 


28 


80 


30 


75 


0-037 


29800 


69 


37 


52 


42 



Morris Tasker & Co., Pascal Iron Works, Philada. Jan. 1864. 
Lap-welded American Charcoal Iron Boiler Flues. 



Outside 
diameter, 
inches. 

g 1-5 
2 1-75 



5 2-25 

^ 2-5 

i 2-75 

S 3 

5 3-25 

S 3-5 

■S) 3-75 

g 4- 

o 4-5 

«a 7 

5 8 

-S 9 

« 10- 



Thickness of 

|_ Iron. 

I Wg. inches. 
15 0-072 
14 0-083 
13 0-095 
13 0-095 
13 0-095 
12 0-109 
12 0-109 
12 0-109 
11 0-120 
11 0-120 
11 0120 
10 0-134 
10 0134 



Heating aur- Weight 
face per ft I per ft 



0148 
0-165 
0-165 
0-165 
0-180 
0-203 



Sq. ft 

0-3273 

0-3926 

0-4589 

0-5236 

0.5890 

0.6545 

0.7200 

0-7853 

0-8508 

0-9163 

0-9817 

1-0472 

1-179 

1-3680 

1-5708 

1-8326 

2-0944 

2.3562 

2-5347 



ponnda. 

1-12 

1-40 

1-60 

1-95 

216 

2-60 

2-98 

3-16 

3-78 

4-21 

4-90 

6-26 

5-64 

6-48 

10-0 

12 

14 

17 

20 



Bxtra Price, 
Each safe Screw on 
end ool* one end 

lar or collar 
rhoulder other. 



$. c 
82 
82 
86 
86 
90 
96 
1-02 
1-08 



9. 0. 
1-45 
1-76 

2-50 
2-75 
3-00 

4-00 
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o 
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s 
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« 


•s 


•8 


s 


S 



' Safe Ends" of thicker iron welded to one or both ends of flues tr> 
ofder, give increased strength to the flue for calking In the tube- 
P/^*®- , 3?® additional thickness of the safe end is placed in or out- 
side of the Flue, as may be specified in the order. 



Combngtion ai&d Bffeet of Fuel. 



JM 



Combustion is the rapid ohemical combination of substances with 
oxygen. Carbon C and hydrogen H, are the substances most generally 
employed for generating heat. Carbon is fully consumed when combined 
with oxygen 0, to form carbonic acid gas CO2, and partly consumed 
when in the form of carbonic oxide gas CO or smoke. A-- units of heat 
generated of one pound of fuel. The heat necessary to raise one pound 
of water one degree Fah. is one unit of heat. w= pounds of water at 
212° evaporated per pound of fuel. A ^volume in cubic feet and fl=weight 
in pounds of atmospheric air required for the perfect combustion of one 
pound of fuel. C, 0» and H are in the four first formulas, fractions in 
one pound of the compound fuel. 



Perfect Gomhustton, 

^=149[CH-3(fl-|)],- - 1 

a=12[C+3(fl-^)], - - 2 

7i=14500[ C4-4-28 {B- -^)], 3 



Imperfect ComhvMion, 

,^^x 56 C— 210 

(CC>)= j2 ' - - - 5 

rr.^. 33(9-44(7 

{00,)= 12 '- - " 6 

;i=3960{C(92)+1650(aO), - 7 
7i=8002'5 6?— 6820(7, - - 8 



When oxygen is supplied to carbon in a proportion between CO and 
CO2, both the gases will be formed separately in the proportion of the 
formulas 6 and 6, when the heat generated will be as formulas 7 and 8, in 
which C, Q, CO and COj are expressed in pounds, for instance: 0=20 lbs. 
of oxygen united with C=12 lbs. of carbon will form 



{C0)=- 



56X12—21X20 



[co,y 



12 

33X20—44X12 
12 



=21 lbs. carbonic oxide. 



=11 lbs. carbonic acid, and will 



generate 7i=8002-5X20— 6820X12=78210 units of heat. 

One unit of heat=T72 foot pounds, if generated per second will be H= 
1.4 horses, of which we in our days practice utilizes about one-twentieth. 
The following table will show how important it is to fully consume the 
combustibles to acid. One pound of carbon consumed to oxide will gen- 
erate only 1'72 horses, instead of 6*66 when consumed to acid. 

Properties of Combustion, per Hour, 



lbs. 

1 

I 
0-433 
0-272 



CO 


CO, 





a 


A 


h 


w 


lbs. 


lbs. 


lbs. 


lbs. 


cub. ft. 


heat. 


lbs. 




3-666 


2-666 


12 


149 


14500 


15 


2-666 




1-333 


6 


74-50 


4400 


4-55 


1 




0-566 


2-550 


31-65 


1650 


5-63? 




1 


0-727 


3-275 


40-56 


3960 


4-100 


1-750 


1-375 


1 


8-500 


43-33 


5440 


5-633 


0-445 


0-392 


0.222 


1 


12-38 


1210 


1-250 


•0358 


-0246 


-0231 


-0808 


1 


97-3 


0-100 


0-584 


0-244 


0-170 


0-800 


9-920 


966 


1 


1-550 


0-651 


0-470 


2-120 


26-30 


2558 


2-645 



H 



horses. 
5-660 
1-720 
1-200 
1-545 
2-125 
0-472 
0-038 
0-378 
1 



Weight of Boilebs and Engines. 



To Approximate the Weight of Steam Boilers. 

The area of fire grate gives a nearer approximation to the weight ef 
Marine boilers, than the heating surface. 

Letter* denote, 
ra = total fire grate in square feet. 

W — weight of the boiler in pounds, including fire bars, doors, smoke 
pipe, fire tools and appendages, but without water. IF=800 F=j . 
Example. Required the weight FF=t of a steam boiler of ^3 =2oO 
square feet, grate surface. 

Fr=800X250 =200,000 lbs. 
Weight of the water is about three-fourths of FT or of the total weight 
of boilers. 

Weight of rivets, braces or stays, doors and fire bars, is about one 
quarter of W or of the total weight of boilers. 

To Approximate the Weight of Engines. 

Letters denote 

W= weieht of engine in pounds, including engine room tools, oil and 
tallow tanks, wheels, propeller and shafts. 

coefficient k. 
Trunk and oscillating engines, -------4 

Direct action paddle wheel engines, ------ 4*26 

Horizontal direct action propeller engine, - - - - 4«6 

Geared propeller engines, --------5« 

American overhead beam engines, ------ 6*6 I 

Side lever engines, ---------- 6* 

Horizontal direct action high pressure, ----- s*6 

W = kD»yS. 
Example. Require the weight W^=1 of a pair of Horizontal direct ac- 
tion propeller engines of D=72, ^=36 inches, *=4*6. 

Tr= 4'6X'72»j/86 = 139968 lbs. for one cylinder, multiplied by 3»2799M 
lbs. the we^ht required. 
For trunk engines must be taken the largest diameter. 



Inspector's Table for Steam-Boilers on Western Rivers. 



Thickness 






Diameter 


iron. 








W.g. inches. 


34 


36 


L_^8 


No. 1 In, 


lbs, 


lb:t, 


ibi. 


1 0-300 


169-8 


160-4 


151-9 


2 0-284 


158-5 


149-7 


141-8 


3 0-259 


147-2 


139-0 


131-7 


4 ,0-238 


138-8 


128-3 


121-5 


5 1 0-220 


124-5 


117-6 


111-4 


6 0-202 


113-2 


606-9 


101-3 


7 .0-180 


lOi-9 


96-2 


91-1 






Workin 


^ steam 



40 


42 


lbs, 


Ibf. 


144-3 


137-5 


134-7 


128-3 


125-1 


119-1 


115-5 


110-0 


105-8 


100-8 


96-2 


91-6 


86-6 


82-5 




125-5 

117-1 

108-8 

100-4 

920 

83-6 

75-3 



PUHOHINO AND SHEERINa. 



Panching Iron Plates. 

To punch iron plates of from i to 1 inch thick requires 24 tons pej 
square inch of metal cut : that is, the circumference of the hole multl 
plied by the tliickness of ihe plate is the area cut through. 

Letters denote, 

d = diameter of the punch or hole. I 

D = diameter of the hole in the die. I 

< = thickness of the iron plate. 

All dimensions in 16ths of an inch. 

W= weight or force in pounds required to punch the hole. 

W=-6G0td. Z>=d-H)-2f. 

Example 1. An Iron plate of t=6 sixteenths of an inch thick, and tlii 
bole to be d= 12 sixteenths in diameter. Required the force W^t 
fr=660X6X12=47620 lbs., the answer. 

Example 2. Under the same conditions require the diameter Past of 
the die. 

Z>=12+0-2X6=13-2 sixteenths. 

Example 3. Required the diameter of piston for a direction aotioa 
steam punch, for the plate and hole as in example 1, pressure of steam to 
be 60 lbs. per square inch. 

Force 47520=ilX«> of which area of piston will be il=i????L=.«jO-4 

square inches, which answers to a diameter of 34*8, say 36 inches. 

Shearing Iron Plates. 

It requires the same force per section cut, for shearing as for punching, 
namely^ 20 to 24 tons per square inch. If the shears are good, sharp, and 
well adjusted, 16 tons may be sufficient. 

When the cutters in the shears are inclined to one another, the area 
cut, will be the square of the thickness of the plate multiplied by half 
the cotagent for the angle of the shears. Let v=angle of the shears, W 
and / same as for punching. 

W^=88f»cot.i;. 

Example 4. What force is required to cut a half inch plate t=6 sixteenths 
with a pair of shears forming an angle of v^ 12°? Cot.l2°=4'7. 
Fr«88X8»X4"J^=26470 lbs. 

Atmospheric Columns. 

Wa^r=-=33-95 feet. 2-3 feet for 1 lbs. per square inch. 
Seawater=3306 ft. 2-23 " « 

Mercury at 60^=30 inches. 2'06 inches, " 

Atm. air=28l83 feet. 1912 feet, «* " 

Atmospheric air Required for each. 

Blacksmith's forge, - - 100 to 200 
Charcoal forge, - - - - 400 to 500 
Finery forge, - - - - 800 to 1000 
Charcoal furnace, - - 1000 to 3000 
Anthracite furnace - - 2000 to 5000 ^ 

Cupola. 



. Cubic feet per mtaute. 



In a cupola of 3 feet 4 inches diameter, and 10 feet high, can be melted 
down 1000 lbs. of cast iron, 200 lbs. of bitumninous coal per hour, with a 
blowing machine of 4*6 horses making 1700 cubic feet of air per minute 
into a pressure of 2'26 inches of mercury at which the temperature of 
the blast wUl be about 70^ Fah. 



aUfWlJta MACRXHE8. 



BLOWING MACHINES. 

Letters denote, 

I = part of the stroke 5 under which the air compresses from the 

atmospheric density to that in the reservoir. 
F=> mean resistance in pounds per square inch of the air on tiM 

cylinder piston. 
P = pressure in pounds per square inch of the blast in the reaerroir. 
C=> cubic feet of air of atmospheric density, delivered from the blow* 

ing cylinder to the reservoir per minute. 
JJ s*> actual horse power required to work the blowing engine, indud* 

ing 13 per cent, for friction. 
d = diameter of blast pipe in inches, 
n =» number of revolutions or double stroke per minute. 
A = area of supply v^lve to the blowing cylinder in square inches, at 

each end or cylinder. 
p a* vacuum in pounds per square inch, on the supply side of the cylinder 

piston, which should not exceed O'l lbs. 
V= velocity of the blast through the tuyeres in feet per second. 
V = velocity of the air through the supply valve A, in feet per Becond, 

which should not exceed 100 feet. 
a = area of the orifice or tuyeres in square inches. 
h = height of mercury in inches, in the gauge on the blast reservoir. 
L = length of the blast pipe in feet from the receiver to the tuyeres. 
k = volume coefficient, sec Table. 

t =. temperature Fah. of the blast caused by compression or heating. 
Example 1. FormttUe 8. For an Anthracite blast ftimace is required 
tOOO cubic feet of air per minute, under a pressure of 6 inches mercury. 
Required the horse power necessary for the blowing machine t The ef- 
fectual resistance l*=2'365 lbs. see Table. Assume the vacuum to be 
t»«008 lbs. 

We have H= ^ ,^ ^ = 40*6 horses. i 

196 

Example 3. FormtiUe 10. Suppose the blast cylinder to be i}= 144 inchea 
diameter with S=15 feet stroke. Required the number of double strokes 
per minute 71=1 

96X4000 ,« , ., 
* = T44-XW " *'^'^^''* I 

Example 3. Formtikp 9. Under the above conditions, require the ares 
of the supply valves 4^1 when the velocity v=10S feet, per second. 

40X105 ^ 

Capacity of Blast Reservoir should not be less than the following 

proportions, but more to better. 
For one single acting cylinder, 20) 

For one double acting cylinder, 10 v times the capacity of one cyllnd*!. ■ 
Two double act. cyl. cranks at 90^ 6 ) I 

One double acting cylinder, same as two single acting. The more 

cylinders the less capacity required for blast reservoir. 



P==246»/A(i-H>-«K»e/), 


f=tt+493(fc-i), r 


P=14-7(*-l), 


f«13«P+82, i 


«-32 
^= 33-66' 


-^^. 1 





Formnlas for Blowing 


Machines. 


30+ A ' 


C=l:83aAC304-AJ,6 


4- 3 11 


JP^0-49A, - 


- 2 


19000 


t;=350v^ - 12 


c=^-^-» - 


. Zff^<^(^+P\ 8 


v=-,-. , - 13 




96 ' 




198 


4A ' 


ry ^^8jy 




. />»5» 


jys^n* 


^^ F+P'' 


- ^ ^=-40. ' - ■ ^ 


^""180000000 A'' 


C=A 


k V 


- 5 


96 c 

Ji=>i.- » - - 10 


*=?»+*.. . IB 


26 ' 




LPS 1 30 ' 




Table for 


Blast am 


d Blowing Machine*. 


Tbtume aadtemperat, 
* 1 t 


Gnagc 
vxUer. 


In iDchM " 


>reuiirel 
P 


b..«itooli. 


Stroke. 
I 

0-0024 


te^o^ty. 


1-002 


33° 


1 


0-073 


0-036 


b-032~ 


72^ 


1'005 


34-5 


2 


0-147 


0-079 


0-063 


0-0049 


102 


1-007 


35-5 


3 


0-220 


0-108 


0-095 


0-0073 


126 


1010 


37 


4 


0-294 


0-144 


0-128 


0-0097 


144 


1-012 


38 


5 


0-368 


O-180 


0169 


00121 


161 


1-015 


39-5 


6 


0-441 


0216 


0-191 


0-0146 


176 


1-020 


42 


8 


0-588 


0-288 


0-253 


00192 


204 


1-025 


44-5 


10 


0-736 


0-360 


0-309 


0-0239 


228 


1030 


47 


12 


0-884 


0-432 


0-379 


0^0287 


249 


1-035 


49-5 


14 


1-030 


0-503 


0-437 


0-0334 


269 


1043 


53-5 


17 


1-260 


0-612 


0-531 


0-0400 


297 


1-051 


57-5 


20 


1-470 


e-719- 


0-623 


0-0467 


322 


1-062 


63 


24 


1-766 


0-863 


0-745 


0-0656 


352 


1-074 


69 


28 


2-060 


1-008 


0-865 


0-0643 


381 


l-(»82 


73 


31 


2-281 


1-116 


0-955 


0-0706 


401 


1-091 


77.3 


34 


2-501 


1-223 


1-043 


0-0769 


420 


1-100 


82 


37 


2-720 


1-332 


l']30 


0-0833 


438 


1-109 


86-6 


46 


3-000 


1-470 


1-205 


0-0908 


460 


1-116 


90 


47-5 


3-600 


1-715 


1-431 


0-1046 


496 


1-132 


98 '. 


54-3 


4-000 


l-9fil 


1-636 


0-1178 


630 


1-165 


114-5 


67-7 


5-000 


2-450 


2-010 


0-1431 


593 


1-200 


132 


81-4 


6-000 


2-941 


2-365 


0-1667 


660 


1-265 


164-5 


108-5 


8-000 


3-925 


3-088 


0-2105 


761 


1-400 


232 


163 


12-00 1 


5-900 


4-389 


0-2869 


918 


1-600 


282 


203-7! 15-00 


7-376 


6-875 


0-3333 


1077 


1-625 1 


344-5 


254-6 18-75 


9-217 


8-831 


0-3846 1393 


1-750 


407 


305-5! 22-49 


11-06 


10-67 


0-4285 I 1590 


1-875 


469-6 


366-4 26-24 


13-90 


11-64 


0-4666 . 1760 


2-000 

1 


532 


407-4 30-00 


14-75 


12-50 


0-6000 < 1955 



FANS OR VENTILATOR. 



FAN OR VENTILATOR. 

Fans constructed as the accompanyiDj 
figure have been found by the Author wh( 
has made several of them, to be the mosi 
effective. 

The ranes are each one quarter of ai 
arithmetical spiral with a pitch twice the 
diameter of the fan, that is, each vane should 
be constructed in an angle of 90^ &om centre 
to tip. Length of fan to be from ^ to J the 
diameter. Inlet to be half the diameter ol 
the fan. Number of vanes to be not more 
than six, and not less than four. Six vanei 
work softer and better, but they give no 
better effect than four. 
_ The housing should be an arithmetical 
spiral with sufficient clearing for the fan at a, and leaving a space at b 
about i of the diameter. Fans of this construction make no noise. 
Letters denote, 

L= le'n|th\n^fee5; } ^^ ^l^st pipe, to be as straight as possible. 

a = area in sq. in. tuyeres or outlet. 

C= cubic feet of air delivered per minute. 

h = inches of mercury. 

V = velocity in feet per second through a. 

k = volume coefficient, see Table, page 287. 

n = revolutions of fan per minute. 

H= actual horse power required to drive the fan. 




TBT^ 



dn« 






Formulas for Fans. 



_nyd 



ar{^l 



11^ 



h = 



djhn 
'' 24000 ' 

24000H 
din ' 



» = 244y^ - 



/d * / 
1-86 \/ 



dl^ 



Example 1. 



24000 H 
""^-dUT' 

f,vak 
C=9iakyh 
94* 



\/?- 



10 



A fan of d«=36 inches diameter, 1=12 inches, making nslH 
revolutions per minute, area of tuyere being a -=25 square inches. R»« 
quired the density of the blast in inches of mercury /i=1 



Formula 1. 



86X'726« / 3 



FormvkeZ. H= 



, = 0-242 inches. 



s 8*16 horses. 



36X12 

' 60000000 \/ 26X264-36X12 

Example 2. Under the same conditions require the cubic containt of M 
delivered per minute, 0=% *=1'01 the nearest in the Table. 

FormuUe 9. C=94X26Xl*01v'0-242= 1167-7 cubic feet. Required 
horsepower H=7 

36X WX0-242X726 

24000 



Iron Fuhnaces. 



BLAST OR IRON FURNACES. 

It is almost impossible to set up the many variable circumstances CDn 
nected with the performance of Blast Furnaces, into a table form. Tli 
dataa herein given are deduced to an average from the performances of 
great many furnaces both in America and Europe. 

The accompanying Tables are so arranged that the numbers in Tabl 
I., multiplied by the numbers in Table II., gives the corresponding charg 
ot Iron ore, lime stone, coal, and the produce of pig iron in pounds pe 
24 hours, with the consumption of air in cubic feet per minute. 

Table II. contains the effective capacity of blast furnaces in cubic yardt 

Example. It is required to construct a blowing machine for an Anthrs 
cite blast furnace of 12 feet diameter of boshes, height of stack 45 feet, t 
be worked with hot blast. Required the produce of pig iron per 24 hourf 
cubic feet of air per minute and actual horse power of the blowing engine 

Produce of pig iron 165 Table I.X123 Table II.=19065 lbs. or 8-6 tons pe 
524 hours. 

Consumption of air 20X123=^2460 cubic feet per minute. Suppose th 
blast to be blown into the furnace at a pressure of P 294 lbs., vacuui 
in the supply side in cylinder to be;? 0-07 lbs. we shall have the require 
actual power. 2460 (2-36-f 007) 

I-'orumlce 8, p. 287. H = ^-— -! '— 



-= 30'2 horses. 



Table I. Iron or Blast Furnaces. 



nk« unit being the capacity 

of the Fwnace in 

cubic yardi. 



„ _, , 1 fCold blast, 

Soft charcoal {waxm blast, 

__ , , if Cold blast. 

Hard charcoal {warm blast, 



Qoke 



„.^ . „ f Gold blast, 
Bituminou.«: {^arm blast. 



Aiithracite 



635 
700 

670 

875 

268 
350 

252 
327 



( Gold blast, 287 
(Warm blast, 373 

I 



fCold blast, 
t Warm blast. 



Charge andprodtio^per 24 hours. 
Iron Ptg \ Lime 
Ore. Iron. Ston£, 



215 
292 

270 
365 

108 
146 

101 
136 

116 
155 



196 
266 



245 
320 



98 
128 



92 
120 



105 
137 



Coal. 



400 
350 

400 
350 

516 

397 

515 
397 

516 
597 



Air 

per 

minute 



24 
19 



24 
19 



26 
20 



24 
19 



26 
20 



Table li- Capacity and Dimensions of Iron Furnaces. 



ZHameter of 
B^\e*infi. 


35 


30 


HeU 
35 


8 


40 


44 


47 


9 


60 


66 


60 


10 


62 


68 


74 


11 


75 


82 


89 


12 


90 


98 


106 


13 


105 


115 


125 


14 


121 


133 


145 


15 


140 


163 


166 


16 


160 


174 


189 


17 


280 


197 


213 


18 


202 


220 


239 


26 









Height of stack in feet. 



61 

64 

79 

96 

114 

134 

155 

178 

203 

229 

257 



45 


50 


55 


54 


68 


62 


69 


73 


78 


76 


91 


96 


103 


110 


117 


123 


130 


139 


144 


153 


163 


167 


178 


189 


191 


204 


217 


217 


232 


247 


245 


262 


279 


276 


293 


312 



~65 
83 
102 
123 
147 
172 
200 
230 
261 
295 
330 
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Chemistry. 












Sixty-two Simple Substances, with their Symbols, Eamiyalenls 




and Specific Gravities. 


Name. 


1 

Al 




1 

i 


Molyb 


Nwne. 


Mo. 47-9 


i 


Aluminium, 


13-7 ^2-66 


denum. 


8.60 


Antimony, (Stib.) 


Sb 


64-6 6-70 


Nickel, 


Ni 


29-5 


8.80 


Arsenic, 


As 


37-7 


5-70 


Niobium, 


Nr 






Barium, 


Ba 


68-6 


4-70 


Nitrogen, 


N 


14-2 


0-972 


Bismuth, 


Bi 


71-5 


9-82 


Norium, 


No 






Boron, 


B 


11-0 


2-00 


Osmium, 


Os 


99-7 


10-00 


Bromine, 


Br 


78 4 


3-00 


Oxygen, 





80 


1-102 


Cadmium, 


Cd 


55-8 


8-65 


Palladium, 


Pd 


53-3 


11-35 


Oalcium, 


Oa 


20-5 


1-68 


Pelopium, 


Pe 






Oarbon, 





6-1 


3-60 


Phosphorus, 


P 


15-9 


1-77 


Oerium, 


Oe 


46-0 




Platinum, 


Pt 


98-8 


21-50 


Chlorine, 


01 


35-5 


2.44 


Potassium, (Kal.) 


K 


39-2 


0-865 


Chromium, 


Or 


26-2 


5.90 


Rhodium, 


R 


52-2 


11-00 


Cobalt, 


Oo 


29-5 


8.53 


Ruthenium, 


Ru 


52-1 


8-60 


Columbium,(Ta.) 


Ta 


184-8 


6.00 


Selenium, 


Se 


40-0 


4-5 


Copper, (Copr'm) 


Ou 


31-7 


8-80 


Silicon, 


Si 


22-0 




Didyraium, 


D 


48-0 




Silver, (Argent'm) 


Ag 


108-3 


10-5 


Erbium, 


E 






Sodium, (Natr.) 


Na 


23-5 


0-972 


Fluorine, 


F 


18-7 


1-32 


Strontium, 


Sr 


43-8 


2-54 


Glucinum, 


G 


6-9 




Sulphur, 


S 


161 


1-99 


Gold, (Aurum) 


Au 


196-6 


19-30 


Tellurium, 


Te 


64-2 


6-30 


Hydrogen, 


H 


1 


0-069 


Terbium, 


Tb 






Iodine, 


I 


11^6-5 


4-94 


Thorium, 


Th 


60-0 




Iridium, 


Ir 


98-5 


18-68 


Tin, (Stannum) 


Sn 


58-9 


7-29 


Iron, (Ferrum) 


Fe 


28-0 


7-75 


Titanium, 


Ti 


24-5 


5-28 


Lantanium, 


LB 


48-0 




Tungsten, (Wolf.) 


W 


92-0 


17-06 


Lead, (Plumbum) 


Pb 


103-7 


11-35 


Uranium, 


U 


60-0 


10-15 


Lithium, 


L 


7-0 


0-59 


Vanadium, 


V 


68-5 




Magnesium, 


Mg 


12-7 


1-75 


Yttrium, 


Y 


32-0 




Manganese, 


Mn 


26-0 


8-00 


Zinc, 


Zn 


32-3 


7-00 


Mercury (Hydra.) 


Hg 


200.0 


13-50 


'Zirconium, 


Zr 


34-0 

1 


Pboportions of Compounds. 


Names. 




Carbon. 
1 c 


Hydrogen, i 
133 


^vi^^'ir- 


Olive oil, by weight, 
Spermaceti oil, " 
Castor oil, " 




- 1 


772 


95 


• 


780 


118 


103 




740 


103 


157 


Linseed <A1, " - 


_ 


760 


113 


127 




Alcohol, " . 




627 


129 


344 




Sugar, " - 


• 


433 


68 


600 




Atmosp. air, " 




• . 


. > • 


230 


770 


" air by volume, 
Water, fresh, by weig 

" « *^ VOli 


• . 


. . 


... 


210 


790 


ht, - - 


. . 


1 


8 




ime, - 


• . 


3 


1 




India rubber by weigh 


It, '- . 


868 


147 






Blood by wt. 


S6-6 iron. 


666 


63 


ilO-4 1 tlM 


Gunpowder, 76 Nitre, 


13 charcoal, 12 Sulp 


tiur. 
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Binary Compounds, with their Formnlas and Eqniraients. 



Name of Compoand. Vormula. 



Water, 

Binoxide of Hydro., 
Protoxide of Nitro., 
Binoxide of Nitrog., 
Hyponitrous Acid, 
Nitrous Acid, 
Nitric Acid, 
Ammonia, 
Cyanogen, 
Sulphurous Acid, 
Sulphuric Acid, 
Carbonic Oxide, 
Carbonic Acid, 
Light Carb'ett'dHy 
Olefiant Gas, 
Bisulphide of Garb., 
Boracic Acid, 
Chlorous Acid, 
Chloric Acid, 
Hydrochloric Acid, 
Quadrochloride Nit., 
Iodic Acid, 
Hydriodic Acid, 
Teriodide^of Nit'gn, 
Hydrofluoric Acid, 
Phosphorous Acid, 
Phosphoric Acid, 
Phosphorot'd Hydr., 
Selenious Acid, 
Selenio Acid, 
Seleniuret'd Hydro., 
Sulphurefd Hydro., 
Protoxide of Iron, 
Peroxide of Iron, 
Dinoxide of Lead, 

Protoxide of Lead, . 

Quadrotrisoxi'e Le'd Pbs O4 



HO 

HOs 

NO 

NO2 

NO3 

NO4 

NOb 

NHs 

NC2 

S0« 

SO3 

CO 

CO2 

H2C 

HiCj 

CS2 

BO3 

CIO4 

ClOi 

HCl 

NCU 

lOf 

HI 

NI3 

H Fl 

P2OS 

P2O5 

HsP2 

Se O2 

Se Os 

HSe 

HS 

FeO 

Fe2 0t 

PbO 

Pb2 



BqniT, 



9-0 

ir.o 

22.2 

3U'2 

38-2 

46-2 

64'2 

17-2 

26-4 

321 

40-1 

14-1 

22-1 

8- 

14-2 

38-3 

35-0 

67-5 

75-5 

36-5 

156-2 

166-6 

127-5 

393-7 

19-7 

65-4 

71-4 

34-4 

66-0 

61-0 

410 

17-1 

36*0 

80-0 

111-7 

216-4 

3431 



NttiSe uf CovipooBd. 



iformttla. EquW. 



Binoxide of Lead, 
Dinoxide of Copper, 
Protoxide of Copper, 
Chloride of Copper, 
Oxide of Zinc, 
Sesquioxide of Ant., 
Antimonious Acid, 
Antiiiionic Acid, 
Protoxide of Tin, 
liinoxide of Tin, 
Bisulphide of Tin, 
Chloride of Tin, 
Bichloride of Tin, 
Oxide of Bismuth, 
Chloride of Bismuth 
Protoxide Mangnn.. 
f^esqiiioxide Manga. 
Red Ox. Manganese 
BinoxideMnnganese 
Protoxide of Cobalt, 
Peroxide of Cobalt, 
Protoxide of Nickel, 
Peroxide of Nickel, 
Arsenious Acid, 
Arsenic Acid, 
Arseniuretted Hydr. 
SesquisulphideArse. 
Protoxide Mercury, 
Peroxide of Mercury 
Bisulphide of Merc, 
Chloritle of Mercury 
Bichloride of Merc, 
Oxide of Silver, 
Chloride of Silver, 
Teroxide of Gold, 
Terchloride of Gold, 
Bichloride Platin'm, 



Pb02 

CU2 

CuO 
CuCl 
ZnO 
Sb2 Os 

Sb2 04 
Sb2 Oi 

SnO 
Sn O2 
Sn S2 
SnCl 
Sn CI2 
Bi 
Bid 
MnO 
Mn2 Of 
Mns O4 
Mn Of 
CoO 
C02 Of 
NiO 
NifOf 

Ap2 Of 

A 82 O5 

Hf Asf 

As2 Ss 

HgO 

Hg02 

HgS2 

HgCl 

HgClf 

Ago 

AgCl 

Au Of 

Au Clf 

PtClf 



To Transform Chemical Formulas into a Mathematical 

Expression. 

BtUe. Multiply together the equivalent, (equlv.) and the exponent, 

exp.) of each substance and the product Is the proportion in the com- 

>oijnd by weight. Divide this by its specific gravity gives the proportions 

>y bulk or volume. 

Sxamplel. The chemical formulee for common alcohol is C« Ho Oi. 
ilequired its proportioned parts by weight in 10001 

equiv, exp. proportioos. 

Carbon Ci, =612X4 =2448") f 527 ) 

Hydrogen He. = 1X6= « S-XSl-S-j 129 V by weight. 
Oxygen Oi, =. 8X3=16_J 1344) 

1000:46-48=21 -6. 1000 
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VRB8H WATBE GoNBIirSER. 

FRESH WATER CONDENSER 




%. 2. 



oooooooo 
oooooooo 
oooooooo 

OOOOTOOO 

oooooooo 

oooooooo 
ooooococT 
'"pooooo- 



Vig. 1, is a longitodioal, and Fig. 2, a tranfrene section of a tteA waiar eo» 
denser with horiBontal tubes. 

Aj air-pump, a, fresh water. JT, exhaust-pipe. 6, hot well. T, tdbea. 
Ct injection pipe, d, strainer. 

The tubes are of copper one inch outside diameter, thickness of metal, 
No. 22 or 24 wire guage, weighs 5^ ounces per foot The space occupied bj 
the tubes 8hould be about cubical, that is, the sides of the tube-plate mould be 
about the length of the tubes. 

Between the injection and the tubes is a horisontal stndner, to spread the ecM 
water uniformly orer the tubes. Steam inside the tubes. 
LeUers Denote, 
A = condensing area of all the tubes in square inches. 
I s leogth of tubes, height and breadth of tube-plate in inches. 
Jfca number of tubes in the condonsor. 

D>= diameter of steam cylinder. S =» stroke of piston, in inches, 
n » number of revolutions of engine per minute. 
T=» temperature of exhaust steam > _-^ .*-__ x^vi^ «.-« 0.40 
F - Yolu^ coefficient of steam / ^ «**«°* *»^^«» ^^ 248. 

^-j^l^^WO+yj, |-0-858jCr, JV- 0-6128 1«, .l — l-ClJ*. 

JExample. A fresh water condenser is to be constructed for an engine of 
D » C2 in. iSr= 70 in. making n = 34 rcTolutions per minute ; T=23S1P, T^1SS& 
Required the condensing area of tu1>e8, .A ■> 7 

^*'"^5XT2^^ (940-h280o)-295,709 square biohe*. 
RequiraA the length of tubes, and sides of tube plate, I >« ? 

I — 0.853^295^69 = 67 inches nearly. 
Bequired the number of tubes in the condenser, A'** ? 
N» 0-5128X67*» 1666 tubas. 

Number of tubes in the top row jL=.p^— 88, dde row •^•- ^ ***«•• 

The tubes to be placed zigzag, as shown in Fig. 2. Should the loeaUoB te 
the oondensor not permit the cubical form, we hare, 

Leogth tubes I » ~~- , Breadth of tube plate 6 — iTeHF height k — fgn* 

Fresh water produced G — ^gfi? , gallons per minute, or about 75 per c«ii 
1^^ of the feed water. 
Temperature in the hot well about llQO to II60. 

„ cf fresh water 120° to lao®. 

For fresh water condensers the cwadty of the air pump should be abodi 
10 pex cent larger than by the rules on page 250. 



OPTICS. 

Optics is that branch of philosophy which treats of the property and moUo 

or light. 

Hirrori* 

JSxamph 1. Fig. 807. Before a coucave mirror of r = 6 feet radius, is place 
Ml object O s 1, at d s 1*76 feet firom the vertex. Required the size of th 
Image / -a f 

image I = ^^ =_i^f6_ _ ^.^ 
^ r— 2 (f 6—2x1.75 

.BasampU 2. Fig. 808. Before a concave mirror otr-^ 6-26 feet radius, is placc< 
an object O » 1, at 2> » 4*5 feet from the rertex. Required the size of the in 
Terted image / » 7 

image J= ^^ = ^^^'25 ^ 

^ 2 2>— r 2X4-5— 5-25 

ESxampU 3. Fig. 309. Before a convex mirror of r «= 1-8 feet radius, is placed 
an object O a 1, at 2> =3 3*15 feet from the vertex. Required the size of tlu 
image / = 7, and the distance in the mirror d =» 7 

™^^«^=2><S?i^=»-222 diata„ced_^.gg^g-0.699ft 

.Sramiife 4. Fig. 810. A paraboUe mirror toh^^ 1-81 feet high; and d » 2-lC 
liset in diameter. Required the focal distance/ a ? from the vertex. 

focal distance/= -f- ■- ^i^? = 2-646 inches. 

Optical I<enses« 

Xacample ft; Fig. 816. A double convex lens, of croton glass, having its nwiii 
J2 =. r = 6 inches. Required its principal focal distance/ « f 
For crown glass the index of refraction is m = 1-62. See table. 

/= — ^ _ , - 5-768 inchea 

•^ 2(1-52—1) 

Microscope 

Letters denote, 
p — magnifying power of a lens. 
S » limit of distinct vision, 
a =» limit of distinct sight, which for Umg-sigJited eyes is about 10 or 12 

inches, and near-sighted ti to 8 inches. For common eyes take 

a = 10 inches. 
ti — limit distance of the object from the optical centre at distinct viskm. 

JfcwTOjjfo 6. Fig. 3^ Required the magnifying power of a single microscope 
•Jrtth principal fbcal distance, / = 4-3 inches 7 

Mag. power 9 = ^^^ = ^-^r^ =3-325 times. 
/ 4-3 



4 



rj'^% 
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Spherical Concave Mirror, 



#<3'-* 



308 




r ss radiufi, and / « i r, focal distance of the 
mirror. 

7- .^^ J— <^^ 

The image disappears when d =/= i r. 



1= 



Spherical Concave Mirror* 
Or ^_ Dr 



2i>— r 



2D— r 

When the object is beyond the focal 
distance the image will be inverted. 




Parabolic Concave Mirror, 
d" 



/= 



16 h 
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Mjjperbolii: Concave Jl^rror. 



Heat, Light, or Souufl emanatiiiff &o» 
the foci of a hyperbola will be relecW 
divergedj from the concave surface, \ 
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Elipiic C&ncave Mirror, 

Emanating rays from either of tbefl 
foci in an elipse, will be refracted felf* 
convex surface to the other £>o. 



Opnos. 



m 



Astronomteal Telescopes and Opera Glasses* 

Hxampk T. Fig. 825. Tlie principal focal distance / « 0*65 indies of the 
ocular or eje-lens. ^=68 inches the principal focal distance of the ohjoctive- 
lens. Required the magnifying power of the telescope I ss ? 



image / = 



OF 

f 



1X58 
0-65 



= 89*23 times the object 



The telescope is to be used at the limited distance 2> » 1380 feet and D^eo. 
Required the proper lengths I — } and micrometrical motion of the ocular or 
eye-lens? when the limit of distinct sight a ^ lOin. jP= 58 : 12 == 4-833 feet, 
y = 0-66 : 12 = 00541C feet. 

,^ 1380X4-833 IOXO'05416 _ 4'89035 
1380—4-833 "*" 10+0-05416 ==£05386 
When D == 1380 feet, the length I = 4-94421 feet. 
When 2> = 00 , Z = 4-8333 + 0*05386 ° 4*88719 „ 

f 0*05702 „ 
Micrometrical motion of eye lens \ 0*68424 inches. 

16 nearly. 



Table of Refraetlwe Indlees* 



Snhstanoes. 


Index, 
m. 




Index, 
m. 


Cremate of Lead 


/2-S7 " 
12-50 


Quartz - 
Muriatic Acid 






1.64 
1.40 


Realgar - 


2-55 


Water - - 






1.33 


Diamond - - - 


2-45 


Ice - - 






1.30 


Glass, flint - - 


1-57 


Hydrogen • 






1.000138 


Glass, crown - 


1-52 


Oxygen 






1.000272 


Oil of Cassia - 


1-63 


Atmospheric air- 






1.000294 


Oil of Olives - - 


1-47 
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Prism, 



An emergent rays of light a a' falling upon a 
transparent medium A (say a glass prism) will be 
transmitted through in the direction a />, and de- 
livered in the direction h V, parallel to a a' a". 
V= angle of incident, v = angle of refraction. 

Indix of refraction m = — r^ . 

sm. V 




315 Given the direction of the emergent rays a a\ 
angles e and r — to find the angles u and a;,— or 
the direction of the rays b h'. 

COS. z = £££:£ cos. u=m cos, (180— «—?'). 
m 
X = 180 — (e+r+w). 

When c = M, the angle x is smallest. 
An eye in 1/ will see the candle in the diroo- 
Hon I/bl/'. 




Optio?. 
3^^ Double Convex Lens, 

/*=» + ^^ ' . the principal 

(m-l)(i?+r)* focal distance. 

when R ^^ r 



/■ 



\ 






.W^M 1 



2(m— 1)' 
o ^ optical centre of the lens. 

P^no Convex Lens. 

-^ m— 1 

The optical centre is in the convex 
surface. 
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Convex-concave Lens {Meniscus,) 

/•= + ^^_ 

•^ (m— l)(/?-.r) * 

Draw the radii 12' and r' parallel to 
one another. — Draw n o, then a is tli 
optical centre. 

319 

Double Concave Lens, 



/-- 



i2r 

(m—l)(R+f)' 




Piano Concave Lens, 

/-- 



m — 1 



The optical centre is in the concave 

surface. 



Concavo-convex Lens, 

f - i??- 

J ' (^^FTT(7?-r)- 

Draw ^and r' parallel to ono another. 
Draw n o, then o is the optical centre. 



OPTIOH. 



^-^^^JBv 'IBRh^BBsh^ 1^1 


"22 

f—d f^^i 


H 
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When the object h beyond th*j foea 
difltjince the inmge I will be inverted. 


■J 


''^'^ DimmhJiuig Fmncr of a Boubh 
I:0=f:f+D I=f/j^, 
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,.^. 



'-S^'^'J-r (!">-'■ '-^*rif) 



* •\-tn astronomical telescope, 



- for opera-glasses. 
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Opera Glass. 



^^ 



Formulas are the same as for Astronomical Telescope. 



2W 



Gexirapht. 



GEOGRAPHY, 




Tns Earth on which we liye, is a round ball or sphere, with a mean diameter 
ot 7914 statute miles. The whole surface of the earth is 196800000 square mflef, 
cf which only one fourth or nearly 60,000000 square miles is land, and about 
150,000000 square miles water. 

Table of Area and Population of the whole Barth* 



Divisions oftfie Earth. 



America, 
Europe, - 
Asia, - - 
Africa, - 
Ocea nica, 
Total, - 



Area in Square 
Miles. 
14,491,000 
3,760,000 
16^13,000 
10,930^000 
4,500,000 



60,000,000 



Popvlaiion. 

60.000:000 
272,000,000 
730,000.000 
200.000.000 

27.000,000 



1,280,000,000 



ProptntwnUt 
Square UHl 

72 

44 I 

18 

6.7 



About^ th of the whole population are born every year, and nearly an i»qna1 
number die in the SKme time; making about one born and one dead per | 
second' 

The Earth is not a perfect sphere, it is flatted at the Poles. The following are 
her true dimensions in statute miles of 6280 feet. 



Diameter 



DimensioBii of the Earth* 

(7898-8809 miles at the Poles. 



DijEferenoe - 
Flailed- • 



Circumference 



^7911-9': 
( 7924-911 

- 26-0302 

- 13015 

{24802-486 
24851-64C 
24884-22 



mean, or In 46° lat. 
at the Equator. 

Poles and Equator. 
at each Pole. 

round the Poles. 
Mean, or in 45° lat. 
round the Equator. 



To Find the radius of the Earth In any given Latitvde 

R — 3955-96(1+ 0-00164 C08.'2f), statute mile^i. 



Dcfinltioiist 

Aaiis of the Earth is an imaginary diameter around which the earth 
revolves. 

Poles of the Earth are the two extremities of the axis, and are called North 
and South. 

Bquafor of the Earth is the great circle at equo-distances from the Poles; 
it divides the Earth into the Northern and Southern Hemispheres 

Meridian is any great circle of the Earth drawn through the Poles ; hence 
tbe Meridian runs north and south, and are at right-angles to the Equator. 

The JCquator and Meridiam are divided into degrees, minutes, and seconds. 

I«Atitnde is the degrees on a Meridian counted from the Equator. 

liongitnde is the degrees on the Equator or on circles parallel with the 
Squator, counted at right angles from a Meridian. 

Parallels are circles drawn through equal Latitudes; they are parallel and 
concentric with the Equator, and at right-angles to the Meridians. 

East and 'West is the direction of the l^uator and Parallels, or at right- 
angles to north and south. Turn your face towards the south, the east is on 
the left hand, and the west on the right. 

The time in which the earth makes one revolution, is divided into 24 hours, 

and --— = 16*> per hour. 

To Reduce Longitude into Time* 

RULE. Divide the number of degrees, minutes, and seconds by 16, and the 
quotient will be the time. 

Example 1. Longitude 74° 48' Id", what is it in time ? 
4A 69»13' the answer. 

To Find the Difference in Tinie 1>et\ireen t\iro Places* 

RULE. Divide the difference in longitude by 15, and the quotient is the dif- 
ference in time. 

Example 2. Required the difference in time between New York and Cin- 
cinnati ? 

Longitude of Cincinnati • 84®27'Tr 

« « New York - - 74 07 IT 

Difference in longitude - - 10° 20' 

lOXgO+20 ^ ^ minutes 20 seconds, 

10 

the difference in time. When it is 12 o'clock in Cincinnati, it is 12^ 41' 20^^ In 
New York. 

Example 3. Required the difference in time between Philadelphia and Paris ? 
Longitude of Philadelphia 75«> 10' TT 

« « Poxis - - 2 20 Jg 

Difference in longitude 77° 30° divided by 15 will be 
5h 10™ the difference in time. When it is 12 o'clock in Philadelphia, it is 5A 10™ 
o'clock in Paris. 

EoBampte 4. A vensel sails from New York for Liverpool, after she has been at 
0ea about one week, her difference in time with New York was found to be 
Sh 7^6«. Required her longitude from New York ? 

15(2/1 7 46 ) = 31° 58' 16" from New York. 
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NATIOATIOlff. 





NAVIGATION. 




To navigate a vessel upon the supposition that the earth is a level 


plane, <■ 


which the meridians are drawn north and south, parallel with each other; ani 


the paralleU east and west, at right-angles to the former. 








The line NS represents a meridian north and 


I 


IS- 




south, 


the line WE represents a parallel east 




■ft 


and west 






'^V^ 




A ship in I sailing in the direction of {{', and 






having 


reached V, it is required to know her 




^ 




position 


to the point U which is measured by the 


v^ . ? 


^ 


\JB 


linen', 


and the angle Nil': and imagined by 








the lines la and aV 










While the vessel is running from { to I', the 




s 




distance is measured by the log and time ; and 






the course Nil' is measured by the 


compass 






commonly expressed in points. 




These four quantities bear the following names. 




d = ll', distance from I to V in miles. 




C= Nil', course, 


or points from the meridian. 




tj — la, dieparture 


or difference in longitudes, in miles. 




u = aV, difference in latUades, in miles. 




I = latitude 


n degrees. 






L = ditference in longitude, in degrees or time. 




Formulas for Plane Sailing* 




ti =■ rf sin.C, - 
ti = w tan.C, - 


- 


1, 

2, 


««o 7 w tan.C 


15, 


ti = 60 COS./ Ly 


- 


3, 




ti= y/d^-u\ 


. 


4, 


i^= ^ , - 




u == d COS. C, - 
u=tJ cot.C,- 


" 


5, 
6, 


16, 


60cos./ ' 


60L COS./ 




7, 
8, 


T dsm.C 


17, 


""" "tan.C"' 


\ 


60COS./ ' ■ 

J- y tan. C 
^ BOcos.r' 


18, 


w = V (/« — ^% 


"h 






d= -^» - 


m 


9, 






sm.C' 






cos.C = «.. . 


19, 


^-""n - 


m 


10, 




cos.C, 






sm.C =^, . . 


20, 


, _ 60/> cosJ 


. 


11, 


rf 




sinTC"' 






ti 










tan.C = , - 


21, 


<f= n/'H'+u', 


- 


12, 


u 




COS./ = g^^,. 


- 


13, 


8in.C=60icos./^ 
a 


22, 


-' = ^ei,"/' 


- 


14, 


t,„g_60Xcos.l 


23, 
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See Table of Formulas for Plane Sailing. 

Example 1. A vefisel sails east nm-th east (6 points,) 236 miles. Required hei 
departure |)? and difference in latitude u7 

Ibrmtda 1 . \i = d sin.(7 =» 236X8in.C points «- 218 miles departure, and u = d 
oo8.e = 236XCOS.6 points = 00'3 miles difference in latitude. 

Example 2. A ship sails in north latitude in a course C=sESE^E= 6| 
points, at a distance of 132 miles she made a difference in longitude of J^ «= 30 34^. 
What laUtude is she in ? 

Ibrmula 14. oosi - -^-j- = oox^-f^ * ®^®^^ 

or Z «- 530 15' the latitude. 

In high latitudes and yt^ long distances, the preceding formulas will not 
Kire such correct results ne> may be desired, because they are set up with tlie 
supposition that the earth is a lerel plane; but by the aid of spherical trigo- 
nometry, we are enabled to ascertain courses and distanoes oorrecfly, from and 
l>eiween any known points on the earth. 

Spherical Dlrtanoes* 

For the spherical formulas, letters will denote. 
I = lower latitude, in degrees from the equator, 
r = highest latitude, « " ** 

C = course, from the latitude I to V. 
C = course, from " V to I. 

d = shortest distance between Z and V in degrees of the great circle. 
L = difference in longitude between { and 2^ in degrees, or time, 
tan.m ~ coti' cos.X. 
n = 90:;:^ — m. 
— If when Z and V are on one side of the equator. 
+ It when I is on one side and I' on the other. Then 

^^„ , sin./' cos.n - 

COS.tf = ^, - - 1, 

cos.m * 

^. .^ sin.X COS./' - o 

sin.C = — .— - — , - - 2, 

srn.a 

ExampJe. Required the shortest distance and course from New Tork to 
Liverpool ? 

I = 40° 42' N. latitude 1 « „ v« - 

740 « W. longitude I N«^ * *>*• 
r - 63° 22' N. latitude K i,^««wxi 
2° 52' W. longitude P^erpooL 

L »a 71° 8' difference in longitude, 
tan.m -= cot 63" 22'Xcos.71o 8' — 13° 81'. 
n =, 90O __ 130 31/ __ 4(,o 42^ _ 360 47'. 



Shortest distance — 47OX60+58 = 2878 geographical miles. 

sii 
from New York NE%E. 



. ,, sin.71 Q8'Xcofcfty>22^ .^^, ,, . ^ 
an.O 3in.470 58/ 490 23' - 4f pointi 



8(f2 


Mariners' Compass* 








s 


North. 


South. 


Points. 


Degrees. 

20 49' 
5 37 
8 26 


sineC. 


Cb8.a 


tan.a 


N. 


^ { 




•0491 

•otw 

1544 


•9988 
•9952 
•9880 

•9811 
•9700 
•9570 
•9416 

•9239 
•9039 
•8820 
•8577 


•0492 
•0083 
•1982 


N. by E. 

and 
N. by W. 


S. by E. 

and 
S. by W. 


1 


11 15 
14 4 
16 52 
19 41 


•1936 
•2430 
•2ii01 
•3368 


•1989 
•2505 
•3032 
•3577 


N. N. B. 

and 
N. N. W. 


S. S. E, r 

and J 

S. S, W. 1 


2 

2i 
2 
2 

3 
3!- 


22 30 
25 19 
28 7 
30 56 

33 45 
36 44 
39 22 
42 11 


•3827 
•4276 
•4713 
•5140 


•4142 
•4730 
•5343 
•5I»93 


N. E. by N. 

and 
N. W. by N. 


S. E. by S. ( 

and J 

S. W. by S. 1 


•5555 
•5981 
•6343 
•6715 


•8314 -6883 
^014 -7463 
•7731 -8204 
•7410 -9002 


N. E. 

and 

N. W. 


S. E. C 
and 
S. W ( 


4 

4i 


45 

47 49 
50 37 
53 96 


•707) 
•7410 
•7731 
•8014 


•7071 
•6715 
■6345 
•5981 

•5555^ 
•5140 
•4713 
4276 

•3827' 
•3368 
•2901 
•2430 


l-OUO 
1103 
1218 
1348 
1106 
1-668 
1-8TO 
8114 

8^414 
2-705 
3295 
3-99J 

5027 

0744 

1114 

^•32 

00 


N. B. by E. 

and 
N. W. by W. 


S. W. by W. 


5 
5»^ 
5 
5 

« 

6 
6 


56 15 

89 4 
01 52 
64 41 

67 30 
70 19 
73 7 
75 56 

78 45 
81 34 
84 22 
87 11 


•8314 

•R577 
•8820 
•9039 

•9239 
•9416 
•9570 
•0700 
•9811 
•9880 
•9952 
•9988 


E. N. B 

and 
W. N. W. 

B. by N. 

and 
W. by N. 

East or 


E. S, K. ( 

and 
W. 8. W. ( 


E. by S. ( 

and 
W. by S. 


7 


•1936 
•1544 
•0979 
•0491 


West . 


8 


90° 


1000 


0.000 
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To Find the Dlstiutces of ObJeeU at Sva* 




UewM 
injeet. 


Distance 


Height 
infeet. 


Distance 


Height 


Distance 


HeinU 
infeet. 


in miles. 


in miles. 


infeet. 


in miles. 


0*582 


1 


11 


4-39 


30 


7-25 


200 


1 


1-31 


12 


4-58 


35 


7-83 


300 


2 


1-87 


13 


4-77 


40 


8-37 


400 


8 


2^ 


14 


4-95 


45 


8-87 


500 


4 


2-63 


15 


5-12 


50 


9'36 


1000 


5 


2-96 


16 


5-29 


60 


10-26 


2000 


6 


8-24 


17 


5-45 


70 


11-07 


3000 


7 


3-49 


18 


5-61 


80 


11-83 


4000 


8 


8-73 


19 


6-77 


90 


12-55 


5000 


9 


3-90 


20 


6-92 


100 


13-23 


1 mile. 


10 


418 


25 


6-61 


150 


16-22 





Distance 
in miles. 

18-72 

22-91 

26-46 

29-58 

32-41 

69-20 

72-50 

83-7 

93-5 

96-1 



The dtotanoe being the tangent a & in statute mflas, at the olevatioh ae, in 
feet 

Eoeample 1. The light-honse at a is 100 feet aboTe the level of the sea. 
Required the distance a b. 

Height 100 feet » 13-23 miles. 

Example 2. The flag of a ship is seen from a in d. Required the distance a, d, 
when the flag is known to be 50 feet above the level <f of the sea ? 

Height of the light 100 a 18-23 miles a, b 
Height of the flag 60 « 9-35 " 6, d, 
Distance to the ship «■ 22-58 miles a, d. 

ExofMple 8. A steamer is seen at «, the horiaon 5 seen in the masts is assumed 
to be KTfeet above the level e'. Required the distance to the ship ? 

Height of the light 100 = 13-23 miles a b, 
The assumed height 16= 5-2 9 '* e 6 , 
Distance to the ship n~7*94 miles a e, 

To Find tile Diatonee "toy mm Observed Angle ▼• 

Letten denote, 
d a distance in statute miles (a eO to the object observed. 
t a* the tangent (a b) in statute miles, or distance to the horizon, 
o =» the observed angle eaef, of the horizon and the leadline of the object, 
r » radius of the earth. 
w «» the angle bae. 



OOS»W = 



V/Vr** 



d - 00B.(w — v)Vr—r^ — Voos-Vtu— »K^'+r«) — 7v 



POPULATION OP COUNTRIES AND CITIES IN THE WORLD. 



Navies. 


roar 


rnfHdiirn 


NORTH AMERICA 


is6iifio.oa<>-^f^o 


U. S. of Ainerioa 


IBflJ 


t^l,Vl'}S:n 


New York - - - - 


Ub3 


fi5\.K["X\ 


Philadelphia - - - 




&76,OULi 


Baltimore - - - - 


a 


T9[i.&in.) 


Cincinnati - - - - 


tt 


IfiCT-SLJ 


New Orleans - - - 


It 


]4S.44g 


Boston 


lasn 


13<\S80 


Pittsburg - - - - 


16&S 


llOi^4l 


St. Louis - - - - 


** 1 


10lJ,OiJt.i 


Chicago 


it 


ai),M2ij 


Buffalo 


'* 


tJ||,L'|ft^ 


Louisville - - - - 


fi. 


5tsTiia 


Albany 


" 


50,7 f-S 


Prnvidt^nce - - - . 


li!^ 


47 ill 10 


Newark, N.J. - - - 


tl 


ie.iioo 


Charleston - - - - 


1S50 


42,9^^ 


Washington - - - 




40,001 


Rochester - - - - 


lij^a 


40,000 


Troy 


1350 


2^7 !^5 


Richmond • - - - 




^.570 


Savannah - - - - 


IS4i3 


IKt.l.iS 


San Francisco - - 


it 


{5[i,OllO 


Britisli America 


*' 


■J,0il4.8&0 


Montreal - - - . 


1851 


67,71a 


Toronto 


IB&S 


J^<k,O0l) 


Quebec 


is&a 


42,l>[y:i 


Halifax 


IRSl 


a;i,583 


St. John 


18^12 


22,745 


Cuba 

Havana 


lSfi3 


147.300 


Santiago . . - - 


li 


g&.243 


Matanzas - - - - 


(E 


8l,;-JS7 


Puerto Principe - - 


a 


A€t,K2 


Hayti 


^* 


0-l3,D0^k 


Port-au-Prince - • 


it 


tt^\0{K> 


St. Domingo - - • 


tt 


1 [1,000 


Jamaica 




377,4;JS 


Kingston - « - - 




H5,0PS> 


Mexico 




7,8[iU-l?^4 


Mexico City - - - 




20J.UiK( 


Guadalaxara • - - 




70,0IK) 


La Puebla - . - - 




60.(100 


San Luis Potosi - - 




-*l,000 


Central America 




2,14L\0IK1 


New Guatimala • - 




WjlHJO 


SOUTH AMERICA 




ifl,ooo,noo 


Brazil 




Of(ir.?».i>f^n 


Rio Janeiro - - - 


185:^ 


.tiiii.firii.'i 


Bahia 




riiijjLi^i 


Bolivia 




un^ijuii 


La Paz - - - - 




20X1(10 


Kcuador 




SiiiAUtK) 


Quito 




6a,Etoi> 


Plata 




sa>,o{Ki 


Buenos AyreS 


1854 


85,0W 


Cordova • - - - 


*t 


la.ooo 


Paraguay 




1,000.000 



PntA^onJu 
Chili 

Sjir]Linj:a - - - 
^'?Ltpa^!^iso - - 
Nvw Granada 
Un^ota . . - - 
Ptru 

Liniii . - - - . 
VciiifZiiela 
Ciiratvas - - - 
Great Britain A 

Irelfflud 
tiOtidda .... 
Maacrhu^ter • • • 
Uverijool - - - - 
U[ii4|s:ow - - - - « 

nnbliii 

I'lJinburg/j * - - - 
Finance 

Pari^ 

i^lflrsmllea - • • . 

r,>'oni4 - • - - . 

Spain 

MaiirM - - - - - 

LtarcclDna - - - - 

Portugal 

l^^tfOll - ^ m m » 

Btl^lnm 
isni.vHtilH - - - - - 
HolleLkid 

.\in*t«rdnm - - - 
nenruarlt 

fVi[nuilm('«D - - • 
Ili^niburg^ Tree City 
Llri' tin 1*11 ditto - • • 
Smreden ^ No^i 

way 
Stoekholn] - - 

CbTislianSa- - 
PrtisMla 

lliTllD ' - - 

A II Atria 

^'iL^nna * - - 

Romti' - - - 
Naples - - - 
Pftlernio- - - 
'I'lLrke^r 
CLiaiPlJnnliiLople 
Rii»«la 

MOPCOIT . - - 

<>|t'ri!!a - * - 

Sj'-vastopDi - • 
Chlua 

Pekln - - - 

Canton * - - 



Year. 



1851 
1850 
1854 
1853 



1856 
1851 



1851 
1852 



1849 
1850 



1850 



1849 
1846 



1852 
1852 



1860 
1855 



1866 
1852 
1860 
184C 

186C 
1861 
1850 



1851 
1859 
1840 
1860 
1855 



J^opulation 
1,200,000 
1.200.000 

80.000 

60,000 
2,363,054 

40,000 

2,279,085 

100,000 

1,419.259 

63,000 



4,810,812 

100,000 

80,000 

26,500 

17,178,091 

441,931 

86,614,4M 

4O7,0W 

24,7«^ 

in.Aftl 

41«»475 

167,221 

86,3OO/)00 

786^ 

60,098,821 

53S,2il 

849,06S 

71,392 

40,000 

SS7,632,9«: 

2,000,000 

1,000^000 



yimes of places. 

N.AMERICA AND 

WEST INDIES. 

Quebec, - 
Halifax, - 
Portland light 
Baffalo, 
Chicago, 

Newburyport light, 
Boston State House, 
Nantucket l^ht, 
Newport Oustom, 
N6w York, 
Philadelphia, 
Cape Henlopen, 
Cincinnati, - 
St. Louis, 
Richmond, - 
Washington C%, 
BaJtimore, 
Cape Hatteras, 
Charleston Ugkt, 
Savannah, 
C»pe Florida light, 
Pensaoola, 
Mobile, 
New Orleans, 
Porto Rico, - 
Cape Hayti's City, 
Havana, - 
Vera Cruz, - 
Mexico, - 
Porto Bollo, • 
Porto Cabello, 
Cape St. Auguat'e, 
Rio Janeiro, - 
Buenos Ayres, 
Cape Horn, - 
Valparaiso Port, 
Panama Ft. N.B., 
San Francisco, 

ENGLAND. 



Liondon, 
liiverpool, 
Greenwich, 
Glasgow, 
Dublin, 
Edinburgh, 
Bristol, - 
Dover, - 

FRANCE. 
Paris Observatory, 
Havre de Grace, 
Cherbourg, - 
Marseilles Observ. 
Antwerp, 
I Calais, - 
! ITALY. 

Florence, 
I leghorn, 
j Rome, St. Pster's, 
I Naples, light, - 
j Incona, UgJU ,- 

26* 



Latitude. 



460 49'JV 

44 88 „ 

43 36 „ 

42 53 „ 

42 0„ 

42 48 „ 

42 21 „ 

41 23„ 

41 29 „ 

40 42„ 

39 67 „ 

38 46 „ 

i" 

;6 „ 

37 32 „ 

38 53 „ 

39 18 „ 
35 14 „ 
32 42 „ 

32 5„ 
25 41 „ 
30 24„ 
'so 42 „ 
29 57 „ 

18 29 „ 

19 46 „ 
23 9 „ 
19 12 „ 
19 26 „ 

9 34„ 

10 28 „ 

8 21 -sr 

22 56 iSr 

34 36 „ 

55 59 „ 

33 2N 
57 „ 

^7 47 „ 



51 31 »' 

53 22»» 

51 29" 

65 52" 

53 23'» 

55 57" 

51 27 " 

51 8" 



48 50 » 

49 29 >» 
38 » 

43 18 " 
51 13 » 

50 68 » 

43^46 »» 
43 32 » 
41 54 » 
40 50 '» 
l43 38 » 



Longitude. 



iiATrnn>E and LoNairuDX ov Plagks. 
Names of Places. 

GERMANY. 
Berlin, - 
Berne - 
Rotterdam, 
Antwerp, 
Amsterdam, 
Brem^eu, 
Hague, - 
Hamburg, 
Lubeck, - 
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7116 ^ 

63 35 o 
70 12 « 

78 55 '^ 
87 35 

70 49 

71 4 
70 3 
7119 

74 00-7 

75 JO 

75 4 
84 27 

89 36 

77 27 ^ 
77 0-3 ^ 

76 37 o 
75 30 B 

79 54 

81 8 

80 5 
87 10 
87 59 

90 

66 7 
7211 

82 22 
96 9 
99 5 
7940 ^ 
68 7 ^ 
34 57 » 
43 9 « 
58 22 ts 

67 16 ^ 
7141 - 
79 31 Z 

122 21 ^ 



6" 

2 52 " 



416 W 

6 20 „ 

312 „ 

2 35 ,, 

119 -K 



220 
6 
137 
5 22 
424 
151 

1116 
1018 

12 27 
1416 

13 30 



AUSTRIA. 

Vienna, • 
Venice, - 
Trieste castle, 

TURKEY. 
Ragusa, mde, 
Athens PhUopa., 
Salonica, 
Constantinople, 
SWEDEN AND 

NORWAY. 
Stockholm, - 
Gothenburg, - 
Christiauia, - 
Bergen, - 
Wiflby OoOandy 
DENMARK. 
Copenhagen, 
Elsinore, 

RUSSIA. 
St. Petersburg, 
Moscow, - 
Revel, • 
Riga, 

Cronstadt, 
Alx), 
Odessa, - 

SPAIN. 
Madrid, - 
Barcelona, 
Algiers light, 
Gibraltar, 
Carthagena obser., 

PORTUGAL. 
Oporto, - 
Lisbon, - 
Cape St. Vincent, 

SICILY. 
Messina, 
Palermo, 
Malta, - 

CHINA. 
Peking, - 
Canton, - 

Cape of Good Hope, 
Sidney, Australia, 
Jerusalem, PiiUs., 



Latitude. Longitude. 



31 JV 
57 " 
54 « 
13 « 
22 " 
6 " 
4 " 
33 « 



48 13 « 

45 26 « 

45 39 « 

42 38 » 

37 58 u 

40 39 <c 

41 1 « 



59 21 « 

57 42 « 

59 55 « 

60 24 « 
57 39 «« 



65 41 « 

66 2 « 



55 



66 u 
46 (c 
26 « 
56 51 « 

59 58 » 

60 27 « 
46 27 « 

40 25 « 

41 23 « 
36 49 •« 

36 6 « 

37 36 «< 



41 11 « 
38 42 « 
37 3 « 



38 12 « 

38 8 « 
35 64 " 

39 64 « 
23 7 « 

34 22 S 

34 „ 

31 48 N 



856 
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gXi. ASTBONOMT. 

ASTRONOMY. 

A8TE0N0HY iS that branch of I^ilosophy -which treats of the propertic«k of | 
heavenly bodies. 
The mean Solar day is divided into 24 hours. 

♦ A Sidereal year is 866<* 6ft 9"» 9^. . 

t An Anomalistic year is 36W 6* 13"» 49*3*. 1 

X A Tropical year is 366* 6* 13"» 49*3«. ' 

* Sidereal year is the time in which the Earth makes one revolution round 
the Sun, in reference to a fixed star. 

^Anomalistic year is the time which the Earth oocupies between eachl 
perihelion to the sun. i 

X^^picai year is the periodical return of seasons. 

Mean distance from the Barth to the Sun 95000000 miles or 11992 diameten 
of the Earth. 

Inclination of the Ecliptic to the Equinoctial SSP 28' 40^'. 

The Sun subtends an angle from the Earth of 32^ Z". 

Horizontal paralax of the Sun S'&' seconds. 

Velocity of a point at the Equator by the rotation of the Earth 152*5 leet per 
second. * 

Cycle of I lie Sun is the period of 28 years at which the days of the week 
return to the same days at the month. 

TIte Itloon* 

IHttance from the Earth to the Moon is 237000 miles, »= 30 diameters of the 
Earth, =» about 0*25 the diameter of the Sun, or the diameter of the Sun is twice 
the diameter of the Moon's orbit around the Earth. 

JXameter of the Moon is 2160 miles, or about 0*2729 of the Earth's diameter. 

VaUtme of the Moon compared with the Earth is 0*02024. 

Density of the Moon compared with the Earth is 0*5657. 

Mass of the Moon compared with the Earth is 0*011399. 

JncUnation of the Moon's orbit to the Ecliptic 5° 8' 48". 

The Moon subtends an angle from the Earth of 31' 7". 

Mean Sidereal reroMion of the Moon 27*32166 days. 

Mean Synodical revulution of the Moon 29*5305887 days. 

The Moon passes the meridian in periods of 24*814 hours, or 48« 50* later 
every day. 

Moon's Age is the number of days from the last new-moon. 

Number of Months for the Moon's Age. 
January, 0, I April, 2, I July, 6, I October, 8, 

February, 2, May, 3, August. ' 6, November, 10, 

March, 1, | June, 4, | September, 8, | December, 10. 

To Find the Moon's Age on any given day, 
RULE. Add together the day of the month, Epact for the year, and the Tab- 
ular number for the month, the sum will be the moon's age. If it exceed 30, 
reject do's, and the remainder will be the moon's age. i 

Example. Find out if it will be moonlight at Christmas, 1856? \ 

Number of day = 25 In December 

Epact for 1855 (see Table) = 12 
Tabular number of December = 10 

47 — 30 = 17 the moon's tuge 
or in its third quarter, consequently moon-light at mid-night. 

Golden Number or liunar Cycle 
is the period of 19 years at which the changes of the moon fall on the same 
days of the month. 

To find the Oolden number, I 

RDLE. Add one to the given year, divide the sum by 19, and the remainder 
will be the Qolden number. 



Almanac for the 19th GENTxntT. 
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Saturd. 

Sunday. 

Tuesd.* 

Wedsd. 
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.839 1 Friday. 
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In Leap years take January f* February.* 




Ikbruary, 


February* 




January January t*[ SepUmber 




March, 
November. 


August. 


May. 


October. 
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December. 


June, 
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JSrampZe. On what day i i the week will the fourth of July fell In the year 
1868? 

See Table 1868 = Sunday*. Tn the Table of months, July column, Sunday 
is on the 6th; consequently the fourth falls on Saturday. 

To Find tite I«atltade of a plaoe by tite Meridian Altitudo 
of tlie Saii« 

LeUers denote, 
A = meridian altitude of the sun's centre abore the horizon, in degrees and 
minutes. (At sea the sun's lower limb is generally observed, then for correc- 
tions of semi-diameter dip of horizon, parallex, add 12 minutes to the observed 
altitude, and the sum will be the centre altitmde very nearly.) 

D = declination of the sun at the time of observation, to be found on 
page 314. 

{ a latitude of the place of observation. 



312 ABTBOnOMr 

/ = 90 — A ± D, . - 1, 

A = 90 — / ± A - - - 2. 

-D = T90±il±/, - - - 3. 

Where the quantities have double signs, plus and mtnux, use the upper cue 
when the latitude and declination are of equal names ; and the lower one when 
the latitude and declination are of different names. 

Example, On the 25th day of October, 1853, in north latitude was obserred 
the sun's meridian centre altitude to be >1 = 37° 63' ; the declination on that 
day was D = 12<^ 1(K south. Required the latitude? 

? = 90 — 37° 53' — 12° IC = 38° 67' the latitude of Philadelphia. 
To Find the Time iwhen the Sun Rises or Sets. 

Let V be the angle of time before or after six o'clock when the sun ri^es or 
sets ; this angle divided by 16 and added to, or subtracted firom six o'clock will 
be the true time when the sun rises or sets. • | 

sin.v = tan.X> tan./, ... 4 J 

Exampie. What time does the sun rise and set, on the 27th day of July, 
1854, in north latitude Z = 42° 6'? 

sln.tJ = tan.l9° 12'Xtan.420 6' = 0-31464 or v = 18° 20'. 
18° 20' : 15 = 1* 13'" 20« subtract ft-om 6a 

6*59*60^ 

Sun rises at 4* 46«" 40« in the morning. 
Bln.t) = tan.l9° 6'Xtan.42° 6' =^ 0-812611 or t> = 18° 13'. 
6* 
18° 13': 16 = 1 12 56 ad d to 6* 
Sun sets at 7* 12« 66* 
To Find the I^enjsth of Day nud Night* 
RULE. Double the time when the sun sets is the length of the day. 
RULE. I>ouble the time when the sun rises is the length of the night 
To Find the apparent Time by an Altitude of the Sum* 
Let L be the angle of Ume ftom 12 o'clock, (noon,) when the sun's altitude a 

a = the observed altitude of the sun, (if the sun's lower limb is obserred add j 
12' for corrections), 
A and «, same as in the preceding examples. 

sin.^ 

The sign + or — is to be used as before described. 

Example. On the 11th of May, 1853. the sun's altitude in the afternoon wif 
observed to be a = 42° 30', in the latitude I = 33° 40' ; the sun's dcdmatioi it j 
the time of observation was /) =- 1S° iV. Required the apparent thne. ' 

sin.i? = tan.l8°xtan.33° 40' = 0-21642, - 4,1 

^^90 — 33 MO' +18 = 74^20' - - 2, 

COS.Z = !!!Ll2^ 30' (1+0.21642) _ ^.21542 » 0-63709, 5, 
sin. 74° 20' 

or 50° 25' is the angle i, ^^^— = 3* 21"» 40«,the apparent time of observation. 

If the altitude is taken in the forenoon, subtract the obtained time firom U^ 
and the remainder is the apparent time. 
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Smi'i PBOLnrAWMT. 



SUN'S DECLINATION. 




Fbb. Mar.1 


Apr. 


Mat Jmnii 


July Aua. Sbp. Oct. | 


Not. I Dnx. 1 • 


Sou. 


Sou. 


Nor. 


Nor. 


Nor. 


Nor. Nor. Nor. 


Sou. 


Son. 


Sou, 1 


o / 


o / 


O 1 


o / 


o / 


/ 0^0^ 


/ 


f 


/ f 


122 59 


16 59 


7 26 


441 


15 11 


22 7 


23 6 17 58 8 10 


8 19 


14 84 


21 53 




222 53 


16 42 


7 8 


5 4 


15 29 


22 15 


23 2 


17 42 7 48 


348 


14 68 


22 2 




8*22 47 


16 24 


6 40 


5 27 


15 47 


22 22 


22 57 


17 2717 26 


4 


16 11 


22 11 




4,22 41 


16 5 


6 17 


5 50 


16 4 


22 29 


22 52 


17 11 !7 4 


4 29 15 301 


22 19 




522 84 


15 48 


5 54 


6 13 


16 21 


22 86 


22 46 


10 55 6 42 


4 52 


16 48 


22 27 


J 


6 


22 27 


15 29 


5 30 


6 36 


16 38 22 42 


22 40 


16 88 6 20 


5 15 


16 6 


22 34 


( 


7 


22 19 


15 11 


5 7 


6 58 


16 56 22 48 


22 34 


16 21 '5 57 


5 38 


16 24 


22 41 


\ 


8 


22 11 


14 52 


4 44 


7 21 


17 11 22 53 


22 27 


16 4 5 85 


9 1 


16 41 


22 47 


[ 


9 


22 8 


14 32 


4 20 


743 


17 27 22 69 


22 20 


15 47.5 12 


6 24 


16 59 


22 53 


\ 


10 


21 54 


14 13 


3 57 


8 5 


17 43 23 3 


22 13 


15 29 <4 49 


6 47 


17 16 


22 58 


1( 


11 


21 44 


13 53 


3 33 


8 27 


17 58 23 7 


22 5 


15 12 4 26 


7 10 


17 32 


23 8 


1] 


12 


21 85 


13 33 


3 10 


8 49 


18 13 23 11 


21 66 


14 54 4 3 


7 82 


17 48 


23 8 


IS 


13 21 24 


13 13 


2 46 


9 11 


18 28 23 15 


21 48 


14 35 3 10 


7 55 


18 4 


23 12 


11 


14 21 14 


12 53 


2 29 


9 82 


18 43123 18 


21 39 


14 17 8 17 


8 17 


18 20 


28 15 


Ik 


1521 8 


12 32 


1 59 


9 54 


18 57,23 20 


21 29 


13 58 3 54 


8 89 


18 86 


^ 18 


\l 


1630 51 


12 11 


135 


10 15 


19 11 23 23 


21 20 


18 39 2 31 


9 1 


18 61 


23 21 


\i 


17|20 89 


11 50 


1 11 


10 36:19 24 23 24 


21 9 


13 20 2 8 


9 23 


19 6 


23 S3 


v\ 


1820 27 


11 29 48 


10 57!l9 37 23 26 


20 59 


18 1 1 46 


945 


19 20 


23 26 


li 


19 20 15 


11 8 24 


11 18;i9 50 23 27 


20 48 


12 41 1 21 


10 7 


19 34 


23 26 


Ifl 


2020 2 


10 4600N 


11 88,20 03 23 27 


20 37 12 21 58 


10 29 


19 47 


23 27 


2C 


21;19 49 


10 240 23 


11 5920 15 23 27 


20 25 12 1 35 


10 50 20 1 


23 27 


21 


22 19 35 


10 3 47 


12 10 20 27 23 27 


20 1311 410 11 


11 11 20 18 


23 27 


29 


23 19 21 


9 41 1 11 


12 89 20 40,23 26 


20 211 2i;012S 


11 32 


20 26 


23 27 


23 


2419 7 


9 18134 


12 59 20 5123 25 


19 48 11 36 


11 53 


20 88 


23 26 


U 


25 


18 62 


8 56 1 58 


13 18 21 1123 24 


19 37|10 40 59 


12 14 


20 50 


23 24 


2S 


36 


18 37 


8 342 21 


13 88 21 12 23 22 


19 24,10 1911 22 


12 35 


21 1 


23 22 < 


86 


27 


18 21 


8 112 45 


13 57 21 22 23 20. 


19 10 


9 58 1 46 


12 55!2l 12 


23 19 ! 


87 


2818 6 


7 493 8 


14 1621 83 S3 17 


18 56 


9 872 9 


13 15 21 34 


23 16 96 


2917 49 


332 


14 3421 4123 14 


18 42 


9 15,2 33 


13 35 


21 84 


23 13 99 


80.17 83 


3 55 


14 53 21 50 23 10 


18 28 


8 54 2 56 


13 55 


2144 


98 9 80 


81 


tl7 16 


.4 18 


21 59 


18 13 


8 821 


14 14 




^ 6 U 


Declination of the Sun and equation of time for the yeart 


Leap yean 1852, -56, -60, -64, in New Tork at 6h a^n. 


^' 1853, -57, -61, 1865, „ „ apparent nooa. 


1854, -58, 62, Ac ^ Z 6h p.m. 




1855, -59, -68, Ac „ „ 12h midnight 






1 


tholSthof April, 1856? 




From the table April 13 deolin. QO 11' N. 




n « ,. ,. U „ 9 82 




Difference 21 




Dec y>iy 




Correction 21 aO-6): 84- 


81 add. 


e answer. 




Keqnired decUnation 9 


'15'80^th 






1 
* 


OB 


(hits 


0th of 


Febr 


naryl 


856 if 


70 4k. 























BQVAnoH or TnfB. 
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EQUATION OF TIME. 


mi ; Jaw. 


Feb. Mar. .Apr.! 


Mat 


Jtraa 


JuLT 1 Ana.i Sep. i 


Oct. ; Nov. 


Deo. 


1 


5? Add 

^ 1: 'i 


Add 


Add 


Add 


Sub. 


Sub. 


Add 1 Add 


Sub. 


Sub. 1 Sub. 


Bob. 


m. s. 


m. «. 


m. s. 


m. s. 


m. s. 


m. 8. m. a. 


m. ■. 


m. 1. m. ■. 


m. a. 


13 68 


12 31 


3 52 


3 4 


2 28 


3 31 


18 


10 24 16 16 


10 87 


2 4 33 


14 6 


12 20 


3 34 


3 U 


2 19 


3 42 5 56 


32 


10 43 16 17 


10 14 


2 


3 4 69 


14 11 


12 7 


3 17 


3 18 


2 9 


3 63 6 52 


51 


11 216 17 


960 


Z 


4 6 27 


14 17 


11 54 


2 f.9 


3 24 


1 59 


4 4 5 47 


1 11 


11 20 16 16 


9 26 


4 


5 5 54 


14 22 


11 40 


2 41 


3 29 


1 49 


4 16 6 41 


1 30 


11 37 16 14 


9 


6 


6 6 20 


14 26 


11 26 


2 24 


3 34 


1 38 


4 25 6 35 


1 50 


11 55 16 11 


886 


6 


7 646 


14 29 


11 12 


2 7 


3 38 


1 27 


4 35 6 28* 2 10 


12 12 16 8 


8 9 


7 


8 7 12 


14 31 


10 67 


1 60 


3 42 1 161 


4 44 5 20 2 31 


12 20 16 4 7 43 


8 


© 7 37 


14 33 


10 41 


1 32 3 45|1 41 


4 53 6 13 2 51 


12 45 15 68 7 16 


9 


10 8 1 


14 33 


10 26 


1 16 3 48 63| 


5 2 6 3 3 12 


13 1 15 63 6 48 


10 


111 8 25 


14 33 


10 10 


1 3 60 


41 


5 10 4 54 


383 


13 16 15 46 6 21 


11 


12 8 48 


14 32 


9 63 


42 3 61 


29 


5 17 4 44 


3 54 


13 31 15 38 


5 53 


12 


13 9 10 


14 31 


9 37 


26 3 62 


16 


5 25 4 34 


4 16 


13 45 


15 30 


524 


13 


14 9 32 


14 28 


9 20 


11 3 53 


4 


5 31 4 23 


436 


13 59 


15 20 4 66 


14 


16 9 53 


14 25 9 3 


OS 2 3 53 


OAO 


5 38 4 11* 4 57 


14 12 15 10 4 27 


16 


1610 14 


14 21 8 45 


17 3 52 


21 


5 43 3 59 5 18 


14 25 14 69 3 57 


10 


17 10 83 


14 16; 8 25 


31 3 51 


34 


5 48 3 46 5 40 


14 37 14 47 8 28 


17 


18 10 52 


14 11 8 10 


45' 3 49 


47 


5 53 


3 33 6 1 


14 48 14 34 2 68 


18 


19 11 11 


14 5I 7 62 


58 3 46 


1 


5 57 


3 20 6 22 


14 59 14 21 2 28 


19 


2011 28 


13 68; 7 33 


1 12 3 44 


1 13 


6 1 


3 6 6 43 


15 9 


14 6 1 58 


20 


2111 46 


13 6II 7 16 


1 24' 3 40 


1 26 


6 4 


2 51! 7 4 


15 20 


13 61 


1 28 


21 


22112 1 


13 43 6 57 


1 37| 3 36 


139 


6 6 


3 36 7 25 


15 29 


13 35 


68 


22 


23 12 16 


13 35 6 38 


1 48, 3 31 


1 52 


6 8 


2 21 


7 45 


15 37 


13 18 


28 


23 


24'12 30 


13 26 6 20 


2 0; 3 26 2 4 


6 10 


2 6 


8 6 


16 44 


13 


AO 4 


24 


2612 44 


13 16 6 1 


2 10; 3 22 2 17 


6 11 1 49 


826 


15 51 


12 42 


032 


25 


28112 57 


13 5 5 43 


2 21 


3 16 2 30 


6 11 183 


8 47 


15 67 


12 22 


1 2 


96 


27 13 10 


12 65 6 24 


230 


3 912 42 


6 11 116 


9 7 


16 2 


12 2 


1 32 


27 


2813 21 


12 43 5 6 


240 


3 2' 2 55 


6 10 68 


9 26 


16 6 


11 42 


2 1 


88 


2913 31 




4 47 


2 48 


9543 7 


6 8 41 


9 46 


16 10 


11 20 


2 81 


39 


30 13 41 




429 


2 66' 2 46 8 10 


a 6 23 


10 6 


16 13 


10 58 


8 


30 


3113 60 




4 11 1 1 2 37j 


6 4 5 




16 16 




828 


31 


Example 2. Required the fan's deeUnation in San Frandsoo at 4h 46m pjn., 


on the 5th of Aug. 1865. 


FromthetahleAng.5 decUn. Iflo 65' N. 


w II If » 6 „ 16 38 


Difference 17 


Long, of San Francisco 1220 


„ New York 74 





























48 : 16 a> 8h 12m difference in time. 
Time inS.F 4 46 

Midnight 12h — 8h »- 4h X 17 : 24 <- S' neadj. 
160 46' 
Correction add 8 

Re(|aired declinaUon 10° 48' the answer. 
Exampt^ 8. On the 5th day of Not. 1857, at 2h 21m 66s apparent time pjn. 
Baqoired the mean time ? 

Apparent time 2h 21m 56s 

Equation of time, suh. 16 14 



Mean time 



2h 5m 42s the answer. 



XoTB. Add the eqnatfion of time to or snhtraet fh>m the apparent time, la 
the mean time. 



Moon's Age 



BPACT OF THE YEAR. 



d, h. 
1860 
1717 


d.h. 

1851 
288 


d. h. 
1852 
910 


d.h. 
1853 
20 1 


d. h. 

1854 

1 3 


d. h. 
1855 
1118 


d. h. 

1856 
2310 


d h. d. h. 

1857 1858 
4 12 15 8 


d. h. 
1859 
2617 


d. h. 

1860 
721 


d.h. 
1861 
18 IS 


1862 
29 8 


1863 1 1864 1865 
10 6 12121 2 23 


1866 
1316 


1867 11868 
246 1 68 


1869 
1623 


1870 1871 
2718 8 20 


1872 1878 
1915 17 


EPACT OF THE MONTH. 


Jan. 



Feb. 
1 17 


Mar. 
4 


Apr. 
116 


May 
2 3 


June 
3 14 


July 
42 


VS 


«,p. 


Oct 
7 11 


Not. I Dec. 
8 23 1 9 10 



To the time of high water, or the time when the moon passes the meridiaii, 
add two minutes for every exceeding hour of the moon's age, for correotioiis. 



MOON'S POSITION. 



HIGH WATER IN DIFFERENT PLAGES. 



'Moon. 




Add to, or subtract fh>m the 






High water 
in N. York, 
h. m. 


time of high 
is the time of 
the desii 
iTew Tork 


water in N. Y. 
high water in 
red place. 


Rise 
Ft 

T 


Q'rt'r 







South, 
h. m. 
12 0p.m. 


■Jfew" 


8 37a.m. 




OhOm 


S 


1 


12 49 „ 


9 21 „ 


Quebec 


add 


8 49 


17 




2 


138^' 


10 2 ^ 


Hali&x 


sub. 


1 


8 




o 


8 


226^ 


10 40 „ 


Boston 


add 


3 64 


12 


fi 


4 


3 26^ 


1116 " 


New Haren 


add 


288 


17 


a 


6 


* 4 , 


1154 " 


Portsmouth 


add 


8 4 


10 


H 




6 


4 56,, 


12 36p.m. 


ProTidence 


sub. 


41 




Half 


o 


7 


6 42^' 


123 „ 


Albany 


add 


6 34 




S 


8 


630„ 


2 16 „ 


Amboy 


sub. 


039 






9 


7 19 „ 


8 16 „ 


Sandy Hook 


sub. 


1 8 




•§ 


9 


10 


8 8„ 


4 14 „ 


PhUadelphia 


add 


6 16 






11 


8 67 


6 9 „ 


Cape Henlopen 
Baltimore 


add 


86 






12 


9 46 


6 '„ 


sub. 


4 14 


12 


H 


• 


13 


10 84 


8 47 „ 


Cape Henry 


add 


67 




Full 


14 


11 23 


729 ^ 


Washington 


sub. 


4 8 








15 


12 12aA. 


8 7 „ 


Norfolk 


•nb. 


62 




S 

^ 




10 


1 1» 


8 43 ," 


Charleston 


■ub. 


22 




m 


17 


160^ 


9 21 


Key West 


add 


1 16 




•g 


18 


2 38^ 


10 4 J 


IlaTana 


add 


1 86 


8 


s 


19 


3 2T 


10 61 „ 


Rio Janeiro 


sub. 


6 86 




j^ 




20 


4 18^ 


1142 „ 


Buenos Ayret 













21 


6 6„ 


12 37ajn. 


Cape Horn 


sub. 


8 57 




Half 


© 


22 


6M„ 


187 „ 


Valparaiso 


add 


65 






23 


6 42,, 


2 39 „ 


San Francisco 


add 


2 28 




1 




24 


T31„ 


342 „ 


Liverpool 


add 


239 


25 


o 


26 


820^ 


443 I 


London 


sub. 6 30 


18 


•a 


26 


9 9^ 


ft 41 n 


Hull 


sub. 2 87 


18 


s 




27 


9 68" 


636 „ 


Bremen 


add 2 37 




s 




28 


10 46 2 


727 7, 


Lisbon 


sub. 4 87 




" 


© 


20 


g^- 


8 14 ^ 

8 87 r, 


Cape Good Hope sub. 6 8T 1 





Soundingfl. 81! 

Moon's Age* Higlt "Water* Moon South* 

ExampU 1. Required tiie moon's age on the 25ih day of September, 1855? 
Date in September 26d ^ 

Epact of September 7d >add 

Ei)act of 1866 lldlShJ 

Reject 30 13d ISb is the moon's age at noon in New York. 

Example 2. Required the time of high water in New York, and at what time 
ttxe moon is south, on the same date aa in preceding example 7 
In the annexed table we ha-ve given the moon*8 

Age. South. High water. 

13 days lOh 34m 6h 47m 

■ Correction add 18h X2= 86m 86m 

Moon south at UhlOm, and 7h 23m is the time of high 

water in New York. 
ExampU 3. Find the time of high water In Saa Frandsoo on the 18th d 
July, 1856. 

Date in July 18d ) 

Epact of July 3d 26h Vadd 

Epact of 1856 23d lOhJ 

Reiject 30 15d 12h the moon's age. 

In the table Age. High water. 

16 8h 7m 

Correction add 12hX2 24m 

For San Francisco add 2h 28m 
nme of high water in San Francisco lOh 54m, July 18, 1856. 
The strength and direction of the wind sometimes accelerates and sometime! 
retards the tide, in consequence the most careful and scientific calcalatioikt 
may differ anhour from tiie time of hi|^ water. 



SOUNDINGS, 



To Reduce Sounding;* to liomr 'Water* 

LetUri denote, 
T^ time in hours between high and low water. 
I s time in hours firom low water to the time when the soundings we 

taken. 
JBTs Tertical rise of tide in feet from high to low water. 
h a reduction of the sounding taken at the time, t, in feet. 

r« 1?^ and A- 4 i^Cl +«».»), 

— cot. V when « < 90 
+ eo9. V when v > 90 
XxampiU, High water at lOh 15m p.m. 
Low water at 8h 45m „ 
Time 2'»6h 30m „ 
The sounding taken at 5h 30m » WA* ^^ f<Mt 6 ineliM 
Time < s Ih 46m 
Vertical rise J5r= 9-75 feet 
Required the redaction A >» f and tru*) sounding at low water. 
«. 18^W6 ^ 4go 3Q ^ ^^^^ ^ ^ 0-66262. 
6'6 

Reduction A = ♦ X 9-76 (1— 0-66262)=l-6447 feet. 
Bounding taken at 6h 30m was 16-5 feet. 
Reduction subtract h = 1-6447 

True sounding at low water 14-8663 feet. 



Pasabouo OossntucnoN of Ships. 



PARABOLIC CONSTRUCTION OP SHIPS. 

The load water-lines and frames are parabolas of different orders, with the rertei 
t 0, Figs. 1 and 2, Plate XI., calculated from the original parabolic formula 1, where, 
Q the conic sections, the exponent n — 2; but in the construction of ships we as- 
ume any arbitrary value on n. The exponent n is a measure of fulness of th« 
ines and di<nlacement. The square root of the ordinate cross-sections of the di»> 
tlacement arn ordinates in a parabola ^vith the vertex in the dead flat frame ]![. 

The hollow lines are formed by reversing the parabola when it reaches one-tmri 
f half the beam from the centre line, or a = 3^, which will be understood by 
i'ig. 1. The formulas and cakulations can be applied to vessels not constructed oi 
he parabolic method. 

Letters denote-^ 



area of the Immersed hull. 

breadth of beam. 

coefficient, see page 275. 

displacement, cubic feet. 

horso-power. 

length in the load line. 

differential. 

difference of draft of water. 

" displacement, cub. ft. 
" horseipower. 
" in speed, 
displacement, fore of SE- 
" aft of m7 

<* at the draft S. 

nautical miles per hour, 
coefficient of displacement, 
tabular number. Table VII. 
distance of centre of gravity of 
displacement from the stern, 
displacement in tons, 
area of immersed dead flat cross 
section. 
= area of ordinate crosS'Section. 



A - 
B = 

c- 

D z 
Hz 
L z 
J) : 
^i = 

IM : 
D = 

a = 

> - 
M -. 
N : 
: 



T : 



a = area of load water-line. 

a — area w. 1. at the draft S. 

b = half breadth w. 1. 

d — draft of water, omitting depth <A 

keel, 
j = any draft leas than d. 
e = deptht)fcentreof CTavity of jg. 
«' = " " displacement 

t = index for parabola, or ellipse. 
k — coefficient for resistance. 
I ■=. length from ST to stem. 
1'-=. « " 2t to stem, 
n =: exponent for load water-line, 
n' = " for jwr. 
n"= " for dBplacement. 
J) = parameter of a parabola, 
r = ratio of the displacement. 
s = distance c. gr. of Q from ' 
«'= « " D from ^ 

t = displacement in tons at the*7 
u = length of parabola, or ellipse. 
X = abscissa in a parabola, 
y = ordinate in a parabola. 



All linear dimensions in feet, and areas in square feet. I 

2hW« n. contains seven ordinates for forty-eight exponents, calculated \tj f(M> 
mula 5. Figs. 1 and 2, Plate XI., also Plate Xn., contain water-lines and croa»- 
sections of Afferent order ; the exponents are marked on tilie figures. 

TahU m. contains ordinates for hollow load water-lines for 24 exponents. Ike 
last column, Jt, belongs to Table IV., and must be taken for the exponent n^. 

TahU IV. contains the coefficients for the ordinate cross^ections, calculated froo 
formula 22. 

TahU V. contains ordinates for ellipses of different order, calculated from ftr- 
mula 16. At the foot of this table are the ordinates for three different shews, i 

TahU VI. is calculated from formula 21, and contains the coeffldent N^ irtfch, 
multiplied by 100, gives the percentage the displacement occupies in the pankUi- 
pipedon. For light draft and high speed the coefficient iV should be selected to- 
wards the comer '490; and for freight and light draft, towards the corner -797. 

TahU vn. contains the coefficient O. When the size of a vessel is given only in 
tons of the displacement, select iV, in Table VL, as to the object and condition of 
the vessel, find in column iV, Table VII., the nearest number to the selected .V 
and along that line select the coefficient O, which, multiplied by the cube root of 
the displacement, gives the required length of the vessel. Divide this length I; 
the number of the column noted at the top, which gives the draft of water; uJ 
the beam \a calculated from formula 43. For sailing yachts and deep water. ( 
should be selected towards the comer 14-9; for heavy fireight and lij^t draft » 
taken towards the comer 36. 

The exponent for the displacement generally varies very little from tliat of tly 
water-line n; the proper proportion of n and n" depends on taste and jadgBM' 
of the shipbuilder. 



TABLE I. PRAcnoAL FormuIiAS for Ship-bthldino. 



y = \/2pa;, . 1 



'=V^ 



a- — -pT' • • " 
BIm 

• = .7+-i' • « 



2 V + 2/ 



10 






2(2^rf— jffy 
_ J> 

dr 
'2r+V • 

d 



log.i — log.y 

__^Z2n-^ 
2n'*" + 3n" + 1' 






,v=__!?£!^ 21 

(n'+l)(2»'»''+3n"+l/ 

e = J8r(i-^y, . . 22 

I) ' ^* 



-^. • - 



34 



30 



31 



32 



V w 



B=^^, 35 









X = Ov/^, . 42 



-S' • - 






45 
46 

47 
48 



20 




TABLE IL 


Fasabouo OoNSTRuonoir of 8hipb. 






Expo- 
nent. 

71". 


1 


ORDIN 


A.TESI 
3 

.0571 


rORFR 

4 


AMES. 
5 


6 = 1. 
6 


7 


Area 


Centre 
grav. 


Index 
i. 


0.125 


.0166 


.0353 


.0830 


.1154 


.1691 


.2289 


.1111 


.2647 


1.25'^ 


0.25 


.0328 


.0693 


.1109 


.1591 


.2179 


.2929 


.4054 


.2000 


.2777 


1.46? 


0.375 


.0488 


.1023 


.1616 


.2289 


.3081 


.3925 


.6416 


.2727 


.2849 


1.641 


0.5 


.0646 


.1340 


.2094 


.2929 


.3876 


.6000 


.6464 


.3388 


.3000 


1.771 


0.625 


.0800 


.1646 


.2545 


3614 


.4583 


.6796 


.7274 


.3846 


.3095 


1.88-i 


0.75 


.0949 


.1941 


.2971 


.4046 


.5208 


.6464 


.7898 


.4286 


.3182 


1.91!? 


0.875 


.1098 


.2225 


.8372 


.4539 


.5761 


.7027 


.8379 


.4666 


.3261 


1.981 


1. 


.1250 


.2500 


.3760 


.6000 


.6250 


.7500 


.8750 


.6000 


.3333 


2.OO0 


1.125 


.1398 


.2765 


.4107 


.6416 


.6683 


.7898 


.9013 


6294 


.3400 


1.98S 


1.25 


.1537 


.3020 


.4443 


.6771 


.7066 


.8232 


.9256 


.6555 


.3461 


1.960 


1.375 


.1692 


.3267 


.4760 


.0145 


.7404 


.8614 


.9386 


.6789 


.3518 


1.929 


1.5 


.1815 


.3505 


.6069 


.6464 


.7703 


.8760 


.965.8 


.6000 


3571 


1.897 


1.625 


.1950 


.3734 


.5341 


.6757 


.7969 


.8949 


.9659 


.6190 


.3621 


1.84^ 


1.75 


.2081 


.3956 


.5607 


.7023 


.8203 


.9116 


.9737 


6363 


.3666 


-[.m 


1.875 


.2211 


.4169 


.5867 


.7269 


.8421 


.9266 


.9797 


.6522 


.3710 


1.801 


2. 


.2344 


.4375 


.6094 


.7500 


.8593 


.9376 


.9844 


.6666 


.3750 


1.771 


2.125 


.2470 


.4574 


.6317 


.7707 


.8756 


.9474 


.9879 


.6800 


.3788 


1.74:. 


2.25 


.2595 


.4766 


.6527 


.7897 


.8899 


.0558 


.9907 


.6923 


.3823 


1.71'' 


2.375 


.2716 


.4950 


.6725 


.8071 


.9026 


.9628 


.9928 


.7040 


.3857 


1.6'j: 


2.5 


.2838 


.5129 


.6912 


.8232 


.9149 


.9687 


9944 


.7142 


.3888 


1.667 


2.625 


.2954 


.5191 


.7088 


.8377 


.9238 


.9737 


.9957 


.7241 


.3919 


1.64' 


2.75 


.3073 


.5466 


.7254 


.8613 


.9326 


.9779 


.9967 


.7333 


.3948 


1.624 


2.875 


.3185 


6627 


.7411 


.8634 


.9404 


.9814 


.9974 


.7419 


.3974 


1.59:. 


3. 


.8301 


.5781 


.7658 


.8750 


.9472 


.9844 


.9980 


.7500 


.4000 


1.687 


3.125 


.3413 


.5932 


.7699 


.8856 


.9536 


.9872 


.9984 


.7576 


.4024 


1.569 


3.25 


.3521 


.6074 


.7829 


.8944 


.9587 


.9889 


.9988 


.7644 


.4047 


1.551 


3.375 


.3629 


.6213 


.7957 


.9036 


.9637 


.9907 


.9991 


.7714 


.4069 


1.537 


3.5 


.3733 


.6346 


.8078 


.9116 


.9677 


.9922 


.9993 


.7777 


.4091 


1.62t' 


3.625 


.3839 


.6478 


.8185 


.9192 


.9719 


.9935 


.9994 


.7838 


.4111 


1.3i>^ 


3.75 


3939 


.6600 


.8284 


.9256 


.9747 


.9944 


.9995 


.7894 


.4130 1.402 


4. 


.4138 


.6836 


.8474 


.9375 


.9802 


.9961 


.9996 


8000 


.41661.468 


4.25 


.4332 


.7065 


.8664 


9481 


.9848 


.9971 


.9997 


.8095 


.4200 


1.435 


4.5 


.4517 


.7260 


.8794 


.9657 


.9878 


.9978 


.9998 


.8181 


.4230 


1.424 


4.75 


.4700 


.7455 


.8934 


.9633 


.9908 


.9985 


.9998 


8260 


.4259 


1.40' 


5. 


.4871 


.7627 


.9046 


.9687 


.9926 


.9990 


.9999 


.8333 


.4286 


1.38^* 


5.25 


.5042 


.7798 


.9158 


.9741 


.9943 


.9992 


.9999 


.8400 


.4301 


1.37-: 


5.5 


.5202 


.7945 


.9246 


.9779 


.9954 


.9994 


.9999 


.8461 


.4333 


1.35S 


6.75 


.5362 


.8092 


.9384 


.9817 


.9965 


.9996 


.9999 


.8633 


.4365 


1.34. 


6. 


.5512 


.8220 


.9404 


.9843 


.9972 


.9997 


1.000 


.8671 


.4375 


1.33. 


6.5 


.5808 


.8459 


.9628 


.9889 


.9983 


.9998 1.0001 


.8666 


.4412 


l.SC 


7. 


.6073 


.8665 


.9627 


.9922 


.9989 .999811.000 


8760 


.4444 


1.28. 


7.5 


.6336 


.8845 


.9713 


.9946 


.9994 .9999'l.000 


.8823 


.4473 


1.27 


8. 


.6564 


.8989 


.9767 


.9960 


.9996 .999911.000 


.8888 


.4500 


1.25 


9. 


.6993 


.9K49 


.9854 


.9985 


.9998. 9999' 1.000 


.9000 


.4545 


1.2:? 


10. 


.7869 


.9437 


.9909 


.9990 


.9999 1.00011.000 


.9090 


.4583 


1.20 


12. 


.7963 


.9683 


.9976 


.9998 


1.000 1.000; 1.000 


.9231 


.4643 


1.17^' 


16. 


.8819 


.9991 


.9999 


1.000 


1.000|l.000ll.000 


.9412 


.4720 


1.132 







TABLE ni. 


Parabolic Constedotion or 


Ships. 




821 


£zpo. 


ORDINATES FOU WATERrUNKS. 6 = 1. 


Area 


« = 


lUiSist- 


n. 


1 
.1697 


.3732 


3 


4: 


5 


6 


7 


BLX 


V-l 


anne k 


2. 


.5647 


.7214 


.8433 


.9303 


.9826 


.6491 


.0627 


1.96 


2.125 


.1879 


.3904 


.5866 


.7456 


.8610 


.9416 


.9866 


.6592 


.0531 


1.97 


2.26 


.1944 


.4074 


.6068 


.7620 


.8754 


.9500 


.9895 


.6730 


.0535 


1.98 


2.376 


.1952 


.4244 


.6271 


.7834 


.8898 


.9584 


.9924 


.6817 


.0533 


1.99 


2.6 


.1960 


.4415 


.6460 


.7973 


.9013 


.9642 


.9943 


.6939 


.0532 


2.00 


2.625 


.2046 


.4582 


.6646 


.8138 


.9127 


.9701 


.9954 


.7035 


.0528 


1.99 


2.76 


.2127 


.4744 


.6817 


.8277 


.9219 


.9744 


.9962 


.7124 


.0523 


1.98 


3. 


.2284 


.6063 


.7143 


.8537 


.9383 


.9817 


.9977 


.7287 


.0510 


1.94 


3.26 


.2446 


.6368 


.7439 


.8760 


.9513 


.9870 


.9986 


.7433 


.0496 


1.91 


3.5 


.2596 


.5667 


.7706 


.8895 


.9617 


.9907 


.9992 


.7654 


.0482 


1.88 


3.76 


.2779 


.5947 


.7954 


9114 


.9699' 9024 


.9996 


.76821.0463 


1.85 


4. 


.2962 


.6193 


.8164 


.9247 


.97621.9953 


.9997 


.7789 


.0452 


1.82 


4.5 


.3337 


.6670 


.8534 


.9463 


.9853 


9976 


.9998 


.7975 


.0424 


1.76 


5. 


.3744 


.7105 


.8839 


.9619 


.9909 


.9988 


.9998 


.8139 


.0390 


1.70 


6.6 


.4081 


.7465 


.9070 


.9727 


.9944 


.9994 


.9999 


.8269 


.0375 


1.04 


6. 


.4428 


.7790 


.9260 


.9806 


.9965 


.9997 


.9999 


.8385 


.0354 


1.68 


6.5' 


.4703 


.8266 


.9406 


.9860 


.9978 


.9998 


1.000 


.8479 


.0352 


1.52 


7. 


.6081 


8328 


.9533 


.9902 


.9988 


.9999 


1.000 


.8582 


.0327 


1.46 


8. 


.6861 


.8794 


.9719 


.9953 


.9994 


1.000 


1.000 


.8730 


.0286 


1.34 


9. 


.6186 


.9047 


.9815 


.9976 


.9998 


1.000 


1.000 


.8852 


.0261 


1.28 


10. 


.6606 


.9274 .9883 


.9992 


.9999 


1.000 


1.000 


.8942 


.0237 


1.18 


12. 


.7415 


.9601 .9954 


.9997 


1.000 


1.000 


1.000 


.9110 


.0206 


1.08 


16. 


.8481 


.9871 .9993 


.9999 


1.000 


1.000 


1.000 


.9319 


.0156 


1.00 


Expo- 
nent 


TABLE IV. CROSS-SECTIONS G- ST - 1. 1 


Displacement. 
D= r- 


Centre 
grav. 


n". 


1 


a 


3 


4 
.6626 


5 
7884 


6 


^ 


Mlx 


Mlx 


«=«X 


2. 


.0545 


.1914 


.3713 


.8792 


.9688 


.5333 


.0152 


.3125 


2.126 


.0610 


.2092 


.3991 


.6940 


.7667 


.8976 


.9759 


.5506 


.0157 


.3160 


2.26 


.0673 


.2271 


.4260 


.6236 


.7919 


.9185 


.9815 


.5663 


.0162 


.3189 


2.876 


.0737 


.2450 


.4523 


.6514 


.8147 


.9270 


.9857 


.5818 


.0166 


.3278 


2.6 


.0806 


.2512 


.4777 


.6777 


.8352 


.9883 


.9889! 


.5952 


.0170 


.3333 


2.76 


.0944 


.2987 


.6262 


.7247 


.8697 


.9568 


.99371 


.6204 


.0177 


.3412 


3. 


.1090 


.3342 


.5713 


.7667 


.8972 


.9691 


.9960; 


.6429 


.0184 


.3500 


3.25 


.1239 


.3689 


.6129 


.7999 


.9191 


.9779 


.9976 


.6629 


.0189 


.3571 


3.5 


.1894 


.4027 


.6512 


.8310 


.9365 


.9845 


.9986 


.6806 


.0194 


.3636 


3.75 


.1551 


.4356 


.6862 


.8567 


.9500 


.9888 


9990 


.6968 


.0199 


.8697 


4. 


.1712 


.4673 


.7181 


.8789 


.9608 


.9922 


.9994 


.7111 


.0203 


.3750 


4.5 


.2039 


.6270 


.7736 


.9146 


.9751 


.9956 


.9996 


.7864 


.0211 


.3846 


6. 


.2373 


.5817 


.8183 


.9384 


.9853 


9980 


.9998 


.7575 


.0216 59291 


6.5 


.2706 


.6312 


.8548 


.9663 


.9908 


.9988 


.9998| 


.7755 


.0221 


4000 


6. 


.3038 


.6767 


8844 


.9688 


.9944 


9995 


.9999 


.7924 


.0227 


.4062 


6.6 


.3366 


.7156 


.9078 


.9780 


.9906 


9996 


.9999 


.8047 


0280 


.4108 


7. 


.3688 


.7608 


.9268 


.9845 


.9978 


.9097 


.9999 


.8170 


.0233 


.4166 


B. 


.4809 


.8080 


.9540 


.9920 


9992 


9998 


1.000 


8866 .0239 


.4260 


9. 


4890 


.8554 


.9710 


.9970 


9996 


.9998 


1.000 


.8521 '.0244 


4318 


10. 


5480 


.8906 


.9819 


.0980 


9998 


.9999 


1.000 


.8656 .0248 


4375 


12. 


6341 


9376 


9934 


.9996 


9999 


1.000 


1. 000 


8861 .0253 


4464 


16. 


7777 .9991 1 


.9998 


9999 


1.000 l.OOOl 


1.000 


.9126 .0261 .4629J 



i.t2 



Parabolic Construction or Ships. 



TABLE Y.—For Elliptic Stem of Vessels. 



po- 
nent 



2- 

2-25 

2-6 

2-75 

3- 

8-25 

3-6 

4- 



Ordinates of 


ellipses of different order. 


Area 

a =• 


'A 
8398 


1 


•6616 


3 

•7808 


4 
•8660 


5 

9204 


6 

•9682 


7 


wx 


•4840 


•9922 


•7854 


•4108 


•5490 


•7147 


•8274 


•9004 


•9495 


•9801 


•9958 


•8154 


•4670 


•6042 


•7657 


•8627 


•9252 


•9546 


•9873 


•9978 


•8382 


•5174 


•6514 


•8029 


•8901 


•9434 


•9749 


•9932 


•9989 


•8564 


•5604 


•6911 


•8331 


■9019 


•9565 


■9821 


•9948 


9994 


•8709 


•6991 


•7252 


•8578 


9275 


•9664 


•9871 


•9973 


•9996 


•8833 


•6333 


•7548 


•8782 


9406 


•9740 


•9907 


•9978 


•9998 


•8935 


•6096 


•8021 


9003 


•9595 


•9840 


•9950 


•9995 


•9999 


9075 



r* Inde 



1-60 
164 
1-49 
145 
1-41 
l-38i 
1-86: 
1-311 



^! 



30O 
450 
60« 



•0149 


•0582 


•1321 


•2374 


•3740 


•5449 


•0167 


•0539 


•1221 


•2152 


•3517 


•5227 


•0160 


•0474 


•1086 


•1972 


•3190 


•4794 



■76311 Sheer 
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6946) Tessels. 



TABLE YI.— To Approximate Size and Shape of Vessels. 




Exponent for displacement n". 
- - - 6 8 



2 


2-5 


3 


3-5 


4 


5 


•356 


•397 


•429 


•453 


•474 


•500 


•381 


•425 


•459 


•486 


•508 


•541 


•400 


•447 


•482 


•510 


•533 


•563 


•414 


•462 


•500 


•528 


•552 


•589 


•427 


•476 


•514 


•544 


•569 


•606 


•444 


•496 


•535 


•567 ^592 


•631 


•458 


•509 


•550 


•583 -610 


•649 


•474 


•529 


•571 


•605 


•632 


•673 


•490 


•547 


•590 


•625 


•654 


•696 


Speed and 


Freight and 


pas 


senge 


rs. 


pas 


senge 


rs. 



•528 
•566 
•594 
•616 
•635 
•660 
•679 
•704 
•720 



•558 

•597 

•627 

•660 

•668 

•696 

•717 

•743, ... 

•759 /•797 
Freight and 
slow speed. 



10 



■577 
'620 
'650, 

-693 



750 
770 



TABLE VII— Lengf/Zi. of Vessels = tabular number 0\/T.\ 




Paraboijo CoNSTRVcnoN OF Ships. 



I It is reqmred to constnict a propeller steamer of the following dimensions : L : 
150 feet long, B ~ 30 feet beam, and d = 15 feet draft of water, to be a sharp ai 
fast steamer. (Plate XIV.) 

Construct a diagram like Fig. 4, Plate XL Make the base about AB =r B^ t1 
beam of the vessel, and the height AG—h^ half the beam, and join AO. Divit 
the base AB into 100 equal parts; draw the division-lines to AC, m shown by tl 
figure, which then forms a scale for the ordinates in the dead flat frame and tl 
load water-line. Di-aw the centre line for the body plan, Fig. 7, Plate XIV., s 
off the depth d, and divide it equally into 8 water-lines. Select, on Plate XII., 
desired form of the dead flat cross-section 1^, and we may accept the one mark< 
3, which means the exponent n' = 3, Table BE., where we find the ordinates f 
the frame. The third ordinate coefiicient is 755, which, multiplied by half tl 
breadth &, gives the third ordinate of the frame jff ; or, from 755 on AB, Fig. 
take the vertical height gh^ which also gives the length of the third ordinal 
and the others are found in the same way, by which the form of the frame is o 
tained. Pi'olong the frame above the watei'-line, as may be desired, and draw t\ 
side view of the vessel. Fig. 6. 

Draw the centre line for the plan. Fig. 8, and set off the length L = 150 fe< 
Locate the dead flat '^ as may be desired, say I = 65*625 feet aft, and V = 84*3 
feet forward, which- makes the dead-flat 12'375 feet abaft the centre of the vessf 
Divide I and V each into 8 equal parts, and number them as shown on the figur* 
Select, on Plate XIL, a desired sharpness of the forward load water-line, from whit 
may be accepted the one marked '2, which means the exponent n = 2, Table 11] 
let us make the aft water-line full, with the exponent n = 2*5, Table n. The six 
ordinate for the forward water-line exponent 2, Table HI., is 9303, at which nui 
ber on the scale AB the vertical height to .^C7 is the length of the sixth ordinal 
The others are found in the same way, and the water-line is drawn. The forwa 
rail B may be selected of exponent n = 4, full lines Table n., and abaft n = 
elliptic stern, Table V. Set off half the rail-beam from B towards C on the sea! 
and join the end with Ay which then forms a scale for all the ordinates in t] 
rail. The dead flat of the rail is genially placed forward of that of the water-lii 

Set off all the forward water-line ordinates from B towards C, number and jo 
them with Ay as shown on the scale, Fig. 4, Plato XI., which then will be a scs 
for all the ordinates in the forward frames. 

The area of the immersed cross-section JQ^ is calculated fit>m the formula 8. 

jg. -^ ^ ^ ^^ X ^ = 337-6 square feet. 
3 -f 1 

This area is also found by multiplying Bd by the coefficient in the area colum 
Table 11. 

Let us assume the exponent for the displacement to n'^ =: 2, and the coefflcien 
for the areas of the ordinate cross-sections is found in Table IV. }^S[ — 168* 
square feet, multiplied by the fourth coefiicient 0*5625 = 04*92 square leet, area 
the fourth cross-section, 0. The fourth half-breadth 6 = 10*82, d = 15, when t 
exponent for the fourth frame will be formula 9. 

. _ 94*92 

"■ 10*82 X 15 — 94*92 ~ 

On the diagram, Plate Xm., we find the ordinates for the exponent n' = 1*41 
bo : first = 37, second = 33, third = 484, fourth = 618, fifth = 744, sixth = 8J 
and the 7th = 946. 

Take those measures from AB to the fourth line. Fig. 4, Plate XI., set them ( 
on the corresponding water-lines. Fig. 6, ajd thus the shape of the frame is c 
tained. Repeat the same operation for each ordinate frame fore and aft, by whi 
the displacement is formed. Should the shape thus formed not agree with yo 
taste, alter the frames at pleasure, — only take care that what is taken in or out 
one place must bo taken out or in in another, so that the area of will rems 
the same as calculated. When the displacement is thus finrmed, divide the fram 
and lay them out as required in the building of the ship. 

The ordinates for the sheer are contained in the lower part of Table Y. 

The sheer of the vessel is 3 feet forward, and 1*5 feet aft, with a 45<* curve. 

The displacement of the vessel is found either by the formula 18, or by the coei 
dent in the displacement column. Table IV. 

J> = 337*5 X 150 X 0-5833 = 26998-3 cubic feet; and T = 713-8 tons. 



324 Parabolic Gonstruotion oe Ships. 



The distance of the centre of gravity from ]Q of each pait of the digplacemait i^ 
found by formula 28, or by the coefficient in the last column, Table IV. 

8 = 65-625 X 0-3125 = 20-5 feet aft; and I 

«' = 84-375 X 0-3125 = 26-367 feet forward. 
In this vessel we have assumed the exponent n" = 2 both fore and aft, whe] 
the common centre of gravity iS from the stern is calculated from the formula 25. 

65-625(65-625 — 20*5) -f- 84-375(65-625 + 26-367) ^, ^« ^ , 
S = ^ = 71-4S feet 

When the exponents n" are different fore and aft, JS must be calculated froa 
formula 24. 

The area a of the load water-line is found by the formula 6, or by the coefficient 
in the Tables H. and HL 

a = 30(65-625 X 0-7142 + 84-375 X 0-6491) = 3049-11 square feet. 
The depth of the centre of gravity of the displacement </ is found by formula 1^ 
15 
c' = nc^n^o^ — = S'32 feet. 



/ 26U9»-3 X 

\ 3049 X 15/ 

The ratio of the displacement is found by formula 12. 

r = ?^?^1- = 1-441 

3049 X 15 — 26998-3 

Required the displacement > = ? at ^ = 12 feet draft or water, formula 27. 



_ 3049 X 1'^^ »•/ 122-4* _ 
' "■ 1-441 + 1 \/ 15 "■ 



18466-5 cubic feet. 



Divided by 35, will he t = 527-6 tons, iba answer. 
The displacement scale, Fig. 3, is calculated from this formula 27. 
The weight of the vessel, vdth machineiy on board, will be 468 tons, w ^ = 
16380 cubic feet. Required her light draft d = ?. Formula 28. 



^^ ^716380 X 15(1-441 + 1)1;^,^ ^.^^ = 9 feet 7 Inches, 

\/ 8049 X 1-^ 

Required how much &> = ? the vessel can be loaded per inch ti = ^ fijot, ati 
draft of ^ = 12 feet. Formula 29. ' 

M> = ?2i? . y 1? = 217-67 cubic feet = 7-8294 tons. 
12 \/ 16 

What horse-power JJir ? is required to propel the vessel if = 12 mUes pes Yuom' 

Formula 33. < 

„ 12» X 337-6 «^ V , 

^ = 16rxT95 = ^ ^^"^' ""^^y- 

Required the length u =: 7 of the dead fiat frame S[t ^'O™ the load watO'JiBe tr 

the keel. Formula 15, d takes the place of Z; the index for the parabolic oxpoo<&' 

3 is t = 1-587, Table IL 

u = y'iSi-wi + 151-68' = iSi/Fr: 23-215 feet. 
Required the wet area ^ =: ? of the displacement, formula 26. < ia taken t 
the exponent n" of the displacement, but in Table IL 

A = -ni^rf 337-5 + 150 X 16 + — ) = 0796 square feet. 
|Jl-77l\ 2 / 

The area of the hull above the water-line is calculated separately, and added toj 

Let the distance between the frames be 21 inches. Required the length of all t^ 

frames from keel to water-line. 

Length of all the frames = 2?^X12 __ ^^^ ^^^ 

For iron vessels or copper sheeting add 10 per cent, for lap to i4ticulat^ ar 
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The following table contains the principal dimensions for the form of thf» pro- 
peller steamer, which should be calculated before the construction is commenced. 



450 
Abaft. 





Cross- 


Ordi- 


section. 


nates. 


nfzzZ 




m 


1 


4-951 


2 


8-671 


3 


11-83 


4 


13-12 


5 


14-21 


6 


14-76 


7 


14-97 


8 


16 ft. 



Displ't. 


WATERrLINB. | 


HA 


Tab. IV- 


Tab.ni. 


Table I. 


Table H. 


n"=2 


n = 2 


n=z2}4 


n = 4 


Half 


Forward 


Abaft? 


Forward. 


9-211 


2-547 


4-257 


5-591 


32-28 


5-798 


7-693 


9-230 


62-63 


8-470 


10-36 


11-44 


94-89 


10-82 


12-33 


12-66 


124-5 


12-65 


13-71 


13-24 


150-2 


13-95 


14-53 


13-44 


164-4 


14-74 


14-91 


13-49 


168-7 


15 ft. 


15 ft. 


13-5 ft. 



L. 


SHI 


Table V. 
n = 3 
Abaft. 


450 


For'rd 


9-84 


0047 


11-24 


0-161 


12-18 


0-366 


12-92 


0-645 


13-26 


1-055 


13-42 


1-570 


13-49 


2-195 


13 -5 ft. 


3 ft. 



0-023 
0-081 
0-183 
0-322 
0-527 
0-785 
1-097 
1-5 ft 



The scale of displacement, Fig. 3, Plate XI., can be coiistructed from the dia' 
gram, Plate XTTT, The ordinates for displacement are measured from the line AD 
at the given ratio. The whole displacement at the load draft is represented by the 
height AB of the diagram. 

Metacentre, sailing and careen momentnms, see page 216. 

Column s zz V — I, Table m., gives the point where the true parabola cut the 
centre line. See Fig. 1, Plate XI. 

To find (he exponent n for the load water-line. 

Rule I.-~Oiyen the area a = 4320 square feet, length I = 150 feet, and beam B 
zz 36 feet. Find the exponent n by formula 6. 

4320 
** = oa V. ,-^ — T^Ti = 4 nearly, if the water-line is not hollow. 
00 X 100 — - 4aid0 

jRule n.— Divide the given area a = 4320 by SJ = 36 X 150, and the quotient 
will be 0-8000. Find this number in the area column. Table m., if the line is hol- 
low. The nearest is 0*8139, which answers to the exponent n = 6 in the first 
column, or for full lines it answers to the exponent n = 4, Table n. 

Utile m. — ^Measure the ordinate of the water-line at one-fourth the cHstance 
from the stem or stem towards ^, which will be the second ordinate, say 11-264 
feet. Divide this by half the beam 6 = 18 feet, and the quotient will be 0-6257. 
Find this number in column 2, Table m. The nearest is 0*6193, which answers to 
the exponent n = 4 for hollow lines. 

To find the exponent n' for the dead flat ,®. 

The exponent n' for M is found by the same foregoing rules, in which W takes 
the place of a, d for ZTand n' in Table n. The second ordinate, which is at one- 
fourth of d from the keel, is the most correct measure for the exponent n\ and 
Rule in. 

To find the exponent n" for the displacement. 

Rule I. — Having given the length L or I, cross-section ^, and the displacement 
D, the exponent n^'is found by formula 19, which is a rather complicated opera- 
tion. For moat practical purposes it will be suflBciently correct to employ 

RuU n.— Divide the displacement D by the product Sf i. Find the quotient in 
the 2> column. Table IV., which gives the nearest exponent in the first column. 

Rtde m.— Find the area of the ordinate cross-section at one-fourth from the 
stem or stern; divide this by 3f. Find the nearest quotient in the 2 column. 
Table IV., which gives the required exponent in the first column. 

When the exponents <^ a vessel are known, the calculations become very 
simple. 

The exponents should always be noted down among the principal dimensions of 
a vessel, to express its proper form. 

F»r further inforanation on the Parabolic Construction, see Nystrom's Ship-huild- 
ing, pubUshed by J. B. Lippincott & Co., Philadelphia; Trllbner & Co., London; 
also in the Journal of the Franklin Institute. 
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Alphabets for Hsadihos. 



aibctrefgftifltlmnopqrstubtoxgi. 



as mfmvium fm§ 

B3BAIF AMB IDFM® AIL.FHABIBT. 

Keep your hand horizontal for the letters a, ^, A, r, « and t 
For J and e describe the letter with the finger in the air. 
For X make a motion up and down witii the index fingw. 





fei ^ i)^k^ 




\mtm 



rhih'A'L 




J'l.iti^ XJl 



Hollow ]Votrr/uic^.> lahl^' IIJ 




4 3 2 1 






JO 



CnK^s-sectiifns M Table IJ 









fJ \,. lAA 




(. r o .s- .V - s ecti n n .5 M Ta h /e HI 






Phw A'jr 
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